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SUMMARY

b

The results of tests of a 12-inch diameter mode! fan impeller in
severai different volute casings are presented and discussed.

The impe'ler was a 1/5-scale model of the amphibious assault land-
irg craft (AALC) JEFF(B) air cushion vehicle 1ift fan impellers,
and one vbject of the tests was to determine its suitability for
vee in the AALC JEFF(A), whose original fans failed structurally.

In addition to performance testing, numerous velocity and pres-
sure surveys were performed at speeds from 2500 to 4000 rpm for a
total of five volute configurations. The results of all these
tests are presented and discussed in detail.

Comparisons are made between the test results and previous pre-
dictions for the performance of this impeller in a Bell-designed
compact volute and in the JEFF(A) volute.

Better efficiency was obtained in the Bell volute. However,
performance in the JEFF(A) volute exceeded predictions, Conse-
quently, it was possible to recommend the JEFF(R) impeller,

scaled to a suitable size (about 4 feet in diameter), as a direct
replacement for the original JEFF(A) impellers without any change
to the fan casing or the gear ratio. The only other change needed
is the provision of slightly modified inlet bellmouths.

Full-scale performance predictions are provided in dimensional
and nondimensional form, and the choice of an exact full-scale
impeller diameter is discussed.

AQ%SS!I:N [
NV Y
ope !
A ey

e
N v
DN

R




PREFACE

This report summarizes the work performed under
Contract NO0O14-78-C-0493 and Purchase Order
N0O014-79-M-0021 issued by the Office of Naval
Research. It covers the design and test of a
suitably scaled model of the Bell Aerospace
Textron 1ift fan, as built for the AALC JEFF(B)
vehicle, in an optimum conventional volute and
in a scale model of the AALC JEFF(A) fan volute.

The contract work efforts were monitored by the
David W. Taylor Naval Ship Research and Develop-
ment Center (DTNSRDC). The Technical Monitor
for DTNSRDC was Mr. Z. George Wachnik. Testing
was performed at the Air Cushion Vehicle Labora-
tory of Bell Aerospace Textron located in
Buffalo, New York.
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INTRODUCTION

The fan< for the amphibious assault landing craft {AALC) JEFF(B), which is an
air cushion vehicle, were develcped as the result of a long research and test
program. Aerodynamically, the fans proved satisfactory in a 1/6-scale, radio-
controlled, free flight model and in the full-scale craft. Structurally, the
full-scale fans have proved to be extremely robust, withstanding the normal
rigors of operaticn over the beach and rough terrain, and even the iagestion
vt large fo:exgn objects with only minor damage.

Khen structural problems developed with the fans in the AALC JEFF(A), Bell
Aerospace Textron proposed the use of a scaled-down version of the JEFF(B) €an
impeller as a potential replacement. However, the JEFF(B) impellers operate

in a unique double-discharge. Siamese-twin volute arrangement, and the exact
performance in a conventional single-discharge volute was not known. Accordingly,
1t was proposed teo conduct a test program to determine the performance in a
bell-designed compact volute and in the existing JEFF(A) volute at a sufficiently
large model scale to provide good confidence in scaling the results to full-

s12le 1an pertormance. With this in mind, an impeller diameter of 1 iuches

was chosen. This was also a good practical choice since a suitable test 1ig
which could be readily modified was available which had been used previously

for a doub'e-wid=h 1l-inch dianeter impeller.

Based on the prom:<ing full-scale perfornance predictions which indiceted that
the JEFF(A) lift systen requirements cculd be met with a scaled JEFF(B) irpeller
at jower retaticnal speed, a decision was made by the Navy to issue a contract
o Carry out model tests. The tests were intended to verify the predictions

and to establish the capabiiities of the proven JEFF(B) impeller design in con-
ventional velutes.

A ll-ae h diazeter model impeller was designed and procured from {entyoe Corpora-

tion.  The test rig at the Air (Cushien Vehicle Laboratory, Bell Aerospace

*cxt*oﬂ Buffilo, New York, was renovated and codified te accept the new singie-
s3dth irpeiler. FPreliminary tests were made using the existing volute spivas

Lo establizsh the test procedure and data reduction methed.

sons were made to the volute geozelry to better suit tie new ippeiler.

n~eni change to the cut-off position and & small inCrease of va!u:e

B, results were obirined which matched the predictions almost exactly. Fer
onfiguration, extensive velocity and pressure survevs were performed art

:. inside the velute, and at the discharge section. Al these vesuits

» discussed later in the report.
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in independent researchand developzent (IRED) fan programs in previous years, §& oo
resulits had been obtained with log spiral velutes, and it was said during the
rroposal e.scussions that it was iatended to test the impeller in such a volute.
Accovdingly, a log spiral was designed with a spiral angle cf 10.9 degress, and
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a volute was constructed on this basis. However, preliminary test results were
disappointing compared with those obtained with the much more compact volute
already tested. In view of the strict limitations of hours for this program,
it was decided not to pursue this approach, and after velocity and pressure
surveys had been taken, the rig was dismantled in preparation for the installa-
tion of the JEFF(A) volute and diffuser configuration.

The JEFF(A) fan installation includes several features which are less than
ideal if optimum performance is sought. For instance, there is a sharp change
of direction at the volute discharge and an offset in the diffuser which is
apparently necessary to accommodate a mismatch between the fan discharge and
the lift system opening. Allowance had to be made for these features and for
the reduced volute volume ratio in making predictions of the performance of the
JEFF(B) impeller in the JEFF(A) volute. In the event, the corrections applied
proved to be too pessimistic and the JEFF(B) impeller performed better than
expected in the JEFF(A) volute, though not as efficiently as in the Bell-designed
volute. However, the results were sufficiently encouraging that a recommenda-
tion was made to simply install scaled-down JEFF(B) impellers directly in the
JEFF({A) existing volutes.

Once again, extensive velocity and pressure surveys were cavrried out, including
surveys on the inlet and outlet of the diffuser, As expected, a region of the
flow separation was identified in the JEFF(A) diffuser.

From the test data for the best 8ell volute and the JEFF(A) volute, full-scale
fan performance predictions were made in both nondimensional and dimensional
form. It was clearly shown that the JEFF(A) 1lift system requirements could be
met with either volute configuration with reduced fan rotational speed, and
therefore, with lower stresses than in the original design. In addition, the
geometry of the JEFF(B) impeller provides inherently greater structural strength
due to its smaller blade width ratio and steeper blade angle, apart from the
possible advantages of using mechanical fastening construction methods instead
of welding.

11
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1. DESCRIPTION OF TEST ARTICLE

The JEFF{R) fans have centrifugal, backward sloped-airfoil impellers of the
double-width, double=inlet type. Figure 1 is a photograph of a JEFF(B)
impeller prior to installation in the craft. Details of the construction can
be clearly seen. Figure 2 is a photograph of the 8-inch-diameter model impel-
ler used in the early development testing, Subsequently, a 26-inch-diameter
model was construycted and tested prior to the final full-scale fan design for

manufacture.

Figures 3 and 4 are photographs of the single-width impeller model which was
the subject of the tests documented in this report. Figure 5 is a copy of
the lines drawing prepared by Bell from which Centro Corporation made the
manufacturing drawing shown in figure 6. Leading particulars of the design
are shown in table 1. Coordinates of the blade profile are shown on figure S.

Figures 7 and 8 show the model impeller mounted in the Plexiglas volute and
dismantled from the rig, the inlet, and the drive sides, respectively.

By agreement with the customer, no attempt was made to represent at model
scale the rivet heads and small nuts and bolts used in the full-scale blade
attachment. Otherwise, great care was taken to duplicate faithfully the
geometry of the aerodynamic flow path. Slight external modification of the
blade shroud was required to accommodate the bolts holding the fan together.
However, the heads of the bolts and the nuts are recessed to minimize friction

drag.

Since the impeller was required to be of single width, an adequate backplate

was required for structural reasons. Also, the fan was driven from the back,
so no bearing support was required in front of the inlet. However, the shaft
stub at the inlet was made to true scale and provided with a removable bullet
fairing so that the shaft could be extended forward if, in future testing, it
is desired to simulate the presence of a front bearing and/or gearbox arrange-

ment.

The model is constructed of aluminum alloy with high-strength plastic blades
and a steel shaft., Absolutely no problems of any kind were experienced with
the model fan impeller throughout the test program,

12
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TABLE 1. MODEL FAN IMPELLER LEADING PARTICULARS

Type
Configuration
Diameter

Diameter at Blade
Leading Edge (LE)

Number of Blades

Blade Angle

Blade Chord
Blade Thickness
Blade t/c Ratio
Blade Span at Tip
Blade Span at LE

Blade Width Ratio
at Tip

Shaft Diameter

Centrifugal, Backward Sloped Airfoil
Single Width, Single Inlet (SWSI)

12 Inches at Blade Trailing Edge (TE)
7.89 Inch

12

61.5 Degrees, Flatside of Blade
to Tangent at TE

2.048 Inch

0.317 Inch Maximum
12\ Maximum

<.61 Inch

3.88 Inch

0.217%

1.6 Inch

19
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2. DESCRIPTION OF TEST SET-UP AND TEST METHOD

Bell employs an experimental fan test set-up which is economical to fabricate,
easy to change, and leads to accurate and consistent results.

The fan volute is formed by cutting the required spiral as a groove in each of
two rectangular sheets of Plexiglas 0.5-inch thich. A strip of alurinum sized
to the required volute width plus a small allowance for the depth of the grooves
is then wrapped around this spiral, fitting intc the grooves to a depth of

(.1 inch. The assembly is held together with a number of threaded tie-raods.
Circular holes are cut in the Plexiglas to allow installation of two inlet
bellmouths for a double-width fan, or one bellmcouth for a single-width fan

and a shaft bearing mount. Annular shims are used to vary the bellmouth pene-
tration of the impeller systematicaily to determine the optimum axial position.

The Plexiglas volute assembly with the impeller installed is mounted on a
strong table. On the same table is a motor whose shaft height may be adiusted
by suitable shims to align exactly with the impeller shatt centerline. A
shetch of the arrangement is shown in figure 9. FPhotographs of the rig taken
during previous tests are shown in figures 10, 11, and 12.

The motor is mounted on antifriction trunion bearings so that it is free to
pivot axially. Axial rotation, however, is limited to a few degrees by stops.

A torque arm carrying a scale pan is attached to the motor casing on one side,
and an adjustable counterweight is attached on the other. When there is no

load on the motor, the torque arm floats freely between the stops, and a pointer
attached to it settles at a Jdatum (Zero torque) point on a small scale. The
arrangement is shown diagrammatically in figure 13 and a photograph from g
previous double-width fan test is shown in figure 14.

Figure 1§ shows the method used to control the motor (fan) speed and figuie le
shows the digital speed measurement arrangement diagrammatacally. The tan speed
could be controlled to within 0.1 rpm for speeds from ISQ0 to 3000 vp-.

When load is applied to the motor due to turning the fan, the torgue reaction
on the motor casing tends to rotate it until the torgue arm rests against the
stop. Weights are added to the scale pan until the pointer retuins to the
datum mark on the scale. The weight added to the scale pan multiphied by the
length of the torque arm from motor shaft venterline te scale pan attachment
point gives the apparent motor torque. To Jdetermine the net torgue, the tare
is subtracted. This is the torque due to bearing friction as measured with a
bare shaft of similar weight running in place of the impeller. Mowever, thas
corvectivn is very small. The fan airflow arrangement is in accordance with

one of the Air Moving and Conditioning (AMCA) Standard Arrangesments' (see
figures 17, 18, and 19).

1 AMCA Standard 210-67, Tes? Code for Afr Movdms evises.
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Figure 16 FAN SPEED MEASURING SYSTEM
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The fan draws air directly from the laboratory, which is a very large building,
and discharges it through a short, rectangular duct into a large settling
chamber containing screens. The air leaves the settling chamber through a
standard venturimeter noz:le (figure 18), which discharges into a short,circular
duct. At the end of the duct is a cork plate. This is an aluminum plate
pierced by closely spaced holes. The flow resistance can be varied by changing
the number of corks in the plate according to a prearranged set of patterns

so that the uniformity of flow in the duct is changed as little as possible.
This precaution minimizes the risk of secondary effects on the flow measure-
ment device due to changes of flow pattern in the system. The pressure
measurement arrangements are shown diagrammatically in figure 19,

The settling chamber pressure, the pressure upstream of the venturimeter
nozzle, and the venturimeter differential pressure are all shown by inclined
water manometers arranged to give a magnification factor of 5.0. Note that
the inclination of the manometer is checked for each test with an inclino-
meter, and the angle is input along with the other data to the computer
program which calculates the performance of the fan.

Barometric pressure is measured before and after each test, and the wet and
dry buld room temperature is recorded for each test point. Also, the air
temperature in the settling chamber and upstream from the noiile is measured
for each test point by high-grade mercury in glass thermometers. Typically,
these temperatures vary only slightly during the test; however, each individual
value is used for the calculation of its corresponding test point.

Usuaily, 11 test points are recorded for each fan speed. However, it an
unusual feature shows up on the fan characteristic, additional peints are
Tun in that region of the pressure-flow curve to define the shape of the
curve more exactly.

It is customary to run three or four well-spaced fan speeds for each test.
This illustrates Reynolds number of dependence and serves as a check in case
a bad reading results in an znomalous point.

The test equipment used and the accuracies for each measurement ave shown
in table 2.

VELOCITY AND PRESSURY SURVEYS

Velocity and pressure surveys were performed for three volute configurations:
the final Bell compact velute (Configuration 3}, the log spiral volute
{(Configuration 4), and the JFFF(A) volute (Configuration 5.

Volute discharge section survers were carried out for all three of these
cases, and the d:ffuser exit plane Yor the JEFF(A) was also surveved. The
zethod used was to divide the vertical and horitontal dimensions into an
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appropriate number of lengths to provide 35 to 45 intersection points. Small
holes were drilled in the vertical side of the duct at the volute exit plane
or the diffuser exit plane, as appropriate, and a pitot-static probe with a
scale marked on the stem was fed through each hole in turn, while the other
holes were temporarily sealed. The probe was aligned to the flow direction,
and maintained perpendicular to the plane containing the impeller dis\.
Readings of static pressure and differential pressure were recorded for each
station across the section. The probe was then moved to the next hole located
vertically below, and the procedure was repeated. In this way, the entire
section was mapped, which enabled contours of equal velocity and/or pressure
to be constructed for two or three fan operating points.

In addition to these volute and diffuser exit plane surveys, surveys were
made of the inlet bellmouth, both axial and radial (at the throat). Surveys
of the flow velocity (speed and direction) at the blade leading edge and
trailing edge radii were conducted for the three principal configurations
for two or more fan operating points. For these surveys, a wedge-type probe
was used identical to that snown in figures 20 and 21. This is the same
probe used by Aeroiet liquid Rocket Co. (ALRC) tor the JEFF(A) fan blade
exit survevs. In each case, the probe was inserted through a small hele
drilled in the side of the volute. The probe carried a circular scale so
that the flow angle ¢nuld be observed when the wedge was aligned to the flow,
This condition occurs when the pressure readings from the two sides of the
wedge are equal. A scale or che stem of the probe enabled the distance along
the blade edge, at which the measurements were being tahen, to be determined.

The manormeter connections for the probe are shown in figure 22 and figure I3,
a photograph taken from a previous test, shows the probe in use to measure
irpeller blade discharge velocity and flow angle. Fizure 24 shows diagram-
matically how the probe was used to determine flow angle. Figure I§ shows
the location of the pressure measurement points in the inle: bellmouth,

figure J6 shows the location of the preliminary inlet bellmcath swivl messure-
ment point, and figure 27 shows the locations of the measuroments used for
the irpeller blade inlet and discharge surveys.

Several other types of survers were made using hand-held pitot-static ov
static pressure probes. These included exploration of the volute intevnal
pressure distribution, particularly in the region of the bellrouth’izpeller
interface, and exploration of pressure distribution external to and inside
the bellmouth. These tests were gqualitative only to the extent that exact
probe tip coordinates were not available.

COMMENTS ON THE CHOICE OF FAN SPEEDS USED
To minimize the corrections required for compressibility and Reynalds number

differences, it was desired te run the oodel fan irmpeller at as high a
proportion of the full-scale tip speed as possible.
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~ A  270°  RADIAL REFERENCE
TO MEASURE ANGLE

YAW PROBE AND
MEASURING DISK
(SEE FIGURE )

DIRECTION| =

ROTATION OF
J IMPELLER

<e—— LOCATION OF YAW PROBE

a = 270° - MEASURED ANGLE

Figure 24 MFTHOD OF MEASURING ANGLE OF AIR DISCHARGE

FROM IMPELLER (SKETCH)
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Based on the original Bell proposal performance predictions, a full-scale
49.5-inch-diameter impeller for the JEFF(A) would need to be capable of operating
at speeds up to about 2280 rpm to meet the maximum pressure and flow requirements
at 100°F. The corresponding tip speed is 492 ft/s. Accordingly, a 12-inch-
diameter model fan impeller would need to run at 9405 rpm to give the same tip
speed. Unfortunately, this is not possible since centrifuzal stress increases
inversely with the diameter for a given tip speed. Thus, the mndel] would have

a centrifugal stress of more than four times that of the full-scale fans.

It was decided to try to obtain half the full-scale tij speed since this was a
goal which could possibly be attained.

Two additional factors were present which influenced the choice of speed. First,
it was desired to keep the cost of the model impeller as low as possible, and
second, it was desired to use an existing test rig (to save cost) which had
previously been used for 12-inch-diameter model fan impellers running at about
3000 rpm.

The model impeller was designed to be used at speeds up to about 4700 rpm (half
of full-scale tip speed). In the event, it was the test rig itself which limited
the maximum speed used.

1t was found that the nondimensional characteristics ceased to improve with fan
speed (proportional to Reynolds number), as expected. This was found to be due
to small deflections of the volute walls which caused the clearance gap between
the impeller and the bellmouth to increasze. The additional clearance caused a
reduction of performance, as discussed later. This problem was cured by tying
the volute walls with a wire tension member. Before tightening the tension
member, it was demonstrated that a0 detectable pevformance degradation resulted
from its presence. Upon tightening the tension member. the dellmouth/impeller
clearance remained constant under pressure, and many tests were run satisfactorily
at 4000 rpm. Unfortunately, at speeds of 4000 rpm and above, the test rig plenum,
previously used successfully with pressures torresponding to 3000 rpm, developed
several small leaks which proved imjossible to eliminate entirely. This explains
why the nondimensional characteristics did aot continue to improve with speed
above 3500 rpm. 1t was decided, therefore, to limit the fan spced to 4000 rpm,
which is 85 percent of the goal of 4700 rpm. Since there was no signticant
difference in performance between 3000 rpm &nd 40CO rpm, most of the pressure

and velocity surveys were performed at 3000 rpm to facilitate testing and

conserve the life of the rig.
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3. GENERAL DESCRIPTION OF FAN CONFIGURATIONS TESTED

In all, five fan configurations were tested. These are summarized in table 3

and are briefly described below,

Initially, the model impeller was installed in a volute shape which had proved
satisfactory for an experimental double-width 12-inch-diameter fan. Naturally,
the volute width and one sideplate had to be changed to suit a single-width
impeller. Based on previous experience, a volute width between 8.375 and 9.0
inches was expected to give the desired result, and it was decided to try
8.375 inches first. Preliminary performance test results for Configuration 1
indicated a need for the wider volute and a more generous cutoff radius.
Accordingly, the volute was modified to Configuration 2, which had a volute

@ inches wide, an increased cutoff clearance of 1.25 inches, and a radius

of §/16 inch. Configuration 2 shoved considerable improvement, but the flow
at the design point was still somewhat below the predicted value. The cutoff
was again modified, retaining the same radius and volute width, but increasing
the impeller clearance to 1.75 inches. This time the predicted performance
was obtained almost exactly over most of the characteristic, particularly
around the design point. The modified volute was designated Configuration 3,
and became the chosen Bell compact volute design for which numerous perfor-
rance tests and pressure and velocity surveys were performed.

Upon completion of testing Configuration 3, the test rig was dismantled and
reassembled with a log spiral volute shape. Good results had previously

been obtained with this impeller geometry and with log spiral volute segments
in a double-width double-discharge arrangement which eventually became the
JEFF(R) fan configuration. In the case of the single-discharge volute, the
results proved disappointing. BRecause the spiral angle of 10.9 degrees,
which should give excellent performance once the other geometric parameters
have been optimited, resulted in a volute discharge height too great for
practical application, it was decided not to pursue this configuration. After
performance data at speeds up to 4000 rpm had been obtained and exit surveys
had been made, tne rig was once more dismantled to install the JEFF(A) con-
figuration which had been previously fabricated in preparation, complete with
transition duct or diffuser. Tests with the JEFF(A) configuration, which is
fully descrited in section S, proceeded directly, since all minor difficulties
with the test procedure and data handling had been eliminated during testing
of the four Bell configurations described in greater detail in section 4.

All the configurations tested used the same inlet bellmouth geometry, shown in
figure 28. This bellmouth design has been shown to be satisfactory in many
previous tests. The correct impeller penetration was maintained for the
varjous configurations by the use of appropriate thicknesses of annular

shims bencath the bellmouth attachment flange.
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TABLE 3. SUMMARY OF CONFIGURATIONS AND CONDITIONS TESTED

L e O I o
)
i

?- - PERFORMANCE TEST SURVEYS AND
N - CONFIGURATION TYPE SPEEDS (RPM) SPECIAL TESTS
_ 4 1 Bell Compact (1) 2500, 3000, Bellmouth position tests
. -4 3500
! 2 Bell Compact (2) 2500, 3000, None
? _‘ 3500, 4000
b 3+ Bell Compact (3) 2500, 3000, Volute exit, inlet, blade
G ] 3500, 4000 surveys, etc
E 1 4 Bell Log Spiral 2500, 3000, Volute exit and blade
- 3500, 4000 surveys
g ALRC JEFF(A) 2500, 3000, Volute exit, diffuser
§ ;' 3500, 4000 exit, inlet, blade surveys
£
E
: f *Selected for full-scale performance predictions
£
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- 4. BELL VOLUTE CONFIGURATIONS, DESCRIPTION AND TEST RESULTS

CONFIGURATIONS 1 AND 2

Configuration 1, which emploved an existing volute shape successfully used in
previous experimental fan work, is shown in figures 29 and 30. The polar
coordinates for the complete spiral are given in table 4. The cutoff lip,
which was of airfoil form for the purpose of reducing noise, was situated

at the 22-degree position shown in figure 29, Theoretically, this resulted

: in a radial impeller clearance of 0 550 inch. In practice, due to the finite .
width of the slot and the fact that the shaped end of the scroll was necessar-

L ily not totally constrained by the slot geometry, the measured clearance was

alittlelarger - as nearly as could be determined, 5/8 inch. Three positions
of the inlet bellmouth were tested. These positions are shown in figures 3},
32, and 33.

Frep o v

--

The volute width was computed for a single-width fan, based on the backplate
clearance required and the range of volute volume ratio believed necessary

to obtain the predicted performance. The minimum width necessary was thought
to be 8.375 inches, and the maximum width required was not expected to exceed
9.0 inches. After assembly of the volute in Configuration 1, measurements
indicated a width of 8.41 inches, and this value was used in suvbsequent data
analysis. However, the results (figures 34 through 38, and takles 5 through 7)
showed a8 need for a more generous volute width and cutoff radius. The volute
width was increased to 9.0 inches (measured after assembly), and the cutoff
radius was increased to 5/16 inch. At the same time, the angle at which the
cutoff was Jocated was increased from 22 to 44 degrees, although the 2:1 ratio
was purely fortuitous, arising from the effort to increase the radial clear-
ance between the impeller and the cutoff to about 1.25 inch. These details
are shown in figures 39 and 40. The results of performance tests with Config-
uration 2 are presented in figures 41 through 45 and tables & through 11.
Comparing the performance of Configurations 1 and 2, it can be seen that there
is a considerable improvement, but that the design point goal has not yet been
reached. Accordingly, the cutoff angle was increased to 70 degrees in order
to give a radial clearance of about 1.75 inches at the cutoff (see figures do -
and 47)., Figure 48 shows the inlet bellmouth location. This time the design :
point predicted performance was attained, and no further modifications were

wade. The performance is shown in figures 49 through 52 and tables 12 through 14,
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In Configurations 1 and 2, the criginal diffuser length was maintained, followed
by a short length of straight rectangular duct to the bex (plenum) entrance.

In Configuration 3, 8s a matter of convenience, the diffuser was run all the

way to the box entrance (figure d47) due to the increased heigkt of the Juct at
the volute discharge. Based on previous experience, it was thought that there
would be very little, if any, difference due to the absence of the small change
in angle of the diffuser floor. In all cases, the fan performance was referred
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ARITHMETIC SPIRAL VOLUTE, WIDTH 8.41 INCHES

R G
Ay
5
Gy
”

25 1IN,

Y

[a]
360 12.0 IN.

Mt bial 2 g EL s S e
. . cr ™
3

15.0 IN.

25.4 IN.

270°

CONFIGURATICN 1

21.4 1IN,

180°

Figure 29 BELL COMPACT VOLUTE, CONFIGURATION 1
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T g TABLE 4. BELL COMPACT VOLUTE B SIC SPIRAL DEFINITION
! 3 (CONFIGURATIONS 1, 2, AND 3)
e ANGLE RADIUS
.y (DEGREES) (INCHES)
L 0 6.00
] 15 .38
30 6.75
v 45 7.13
4 60 7.50
: 75 7.88
4 90 8.25
105 8.63
. 3 120 9.00
S 135 9.36
,- 150 9.75
: 165 10.13
i | - 180 10.50
b 3 195 10.88
210 11.25
¥
3 225 11.63
1 240 2..0
¥ 255 12.38
270 12.75
} 3 285 13.13 :
¥ 2 300 13.50 ;
. 318 13.68
s 3 330 14.26 }
B - 9 345 14,63 i
A 3 360 15.00 i
1
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Figure 34 CONFIGURATION } FERFORMANCE COMPOSITE
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TABLE 5. FAN SPEED 2500 RPM, CONFIGURATION 1*

CENTRIFUGAL FAN TEST DATA REDUCTION FROGRANM
(222322228 3232 8233242830223 3723332333333

{ANCA STANDARL' 210-67» FIGURE 4.3)

VOLUTE TYFI - ARITH.SPIRAL
VOLUTE ZIXIT AREA = 125,04 SR, IN.

IMPELLER DUTSIDE DIAMETER (INCHES) 12,000
. IMFELLER WIDTH FACTOR (SINGLE WIDTH FAN) 0.216
o IMPELLER INSIDE DIAMETER (INCHES) 7.982
: IMFELLER EXIT BLADE ANGLE (DEGREES) 61.500
" NOZZLE DIAMETER (INCHES) 6.994
: INCLINATION OF MANGMETER BANKS (REGREES) 11.533 ,
. INCLINATION OF DIFF. MAN. (DEGREES) 11.533
‘ TORQUE AR LENGTH (INCHES) 10. 000
£ PUCT AREA TO CHAMKER (SQFT) 0.868
i DUCT AREA UFSTRERM OF NOZZLE (SGFT) 15,500
%
oo PAROMETER HEIBHT (INCHES OF MERCURY) 29.850
3 AMEIENT AIR TEMFERATURE (DEGREES F) 61.500
2 WET RULR TEMFERATURE (DEGREES F) 57,000
WATER DENSITY (LES/CUFT) 42,358
ANEIENT AIR DENSITY (LBS/CUFT) 0.07552

FAN SPEED = 2500 RPN
(22322222282 R2F 222328

FHI FHI FSI PS1 ETA ETA FLOW FRESS FRE&S  FOWER WP
YOTAL STATIC  TOTAL STATIC TOTAL  STATIC
CFN IN UG IN U6 WP

A AT B PP

.0 0.0 0.4171 0.4171 0.0 0.0 0.0 3.22% 3,20¢ 0262  0.04C
0.0780 0.0474 0.4474 0.4455 0.3737 0.3721 4315.9 3.463 J.449 0.407 0,092
0.131¢6 0.1137 0.4411 02,4357 0.4%78 0.4917 701.4 3.413 3,223 o258 O.117
0.1690 ©.31440 0.4195 0.,4104 0.5402 0.%287 9007 3J.24R  3.1729 Q.85 (.13
0.208s 0.1802 0.4108 0.3972 0.5§22 0.572¢ 1111.7 3.180 3,075 Q.940 0,147
0.2389 0.2044 0.3833 0.3454 0.4146 0.505¢9 1273.0 2.947  2.82% 0.968  Q.14¥
2:7625 0.,2268 0,3431 0.321% 0.5949 0.557S 1399.1  2.454 2.48¢9 0.984 0,153
I 7% 0.2413 0.3137 0.2892 0.5739 0.5292 148B.2 2.428 2.03%  0.8F0 Q.52
0.2545 0.2044 0.28346 0.25864 0.5429 00,4908 156F.4 2.194 1.98% 1,600  0.194
0.3112  0.2489% 0.2502 0.2198 0.5040 0,4445 1438.4 31.932 1.7201 1.000 0154 :
0.3576 0.30°0 0.138% 0,0937 0.3247 0.2321 19046.1 3,075 v./284  0.988 0132 ‘

*See figure 35.
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Figure 35 CONFIGURATION 1 PERFORMANCE, 2500 RPM
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TABLE 6. FAN SPEED 3000 RPM, CONFIGURATION 1+
CENTRIFUGAL FAN TEST DATA REDUCTION FROGRAM i
1233332 322 0VER R 23R 222222222228 32 222222808
(ANCA STANDART: 210~47» FIGURE 4.3} ?
VOLUTE TYPE ~ ARITH.SFIRAL
VOLUTE EXIT AREA = 125,06 SG. IN.
IMPELLER OUTSIDE DIAMETER (INCHES) 12,000
IMFELLER WIDTH FACTOR (SINGLE WIDTH FAN) 0.216
IMFELLER INSINE DIAMETER (INCNES) 7.982
IMFELLER EXIT BLADE ANGLE (DEGREES) 61,500
NOZZLE DIAMETER (INCHES) 8,994
INCLINATION OF NANOMETER BANKS (DEGREES) 11,533
INCLINATION OF DIFF. MAN. (DEGREES) 11,533
TORQUE ARM LENGTH (INCKES) 10,000
DUCT AREA TO CHAMEER (SGFT) 0.848
DUCT AREA UFSTREAM OF NOZZLE (SGFT) 15,500
FAROMETER WEIGHT (INCHES OF MERCURY) 29.850 !
AMEIENT AIR TEMFERATURE (DEGREES F) 62.000 !
MET BULE TEMFERATURE (DEGREES F) 57.500 |
WATER TENSITY (LRS/CUFT) 2,335 |
AMEIENT QIR DENSITY (LRS/CUFT) 0.07545 {
. 4 FAN SPEEL = 3000 RPM t
3 LSRR TSRS R 2222220
g PHI FHI PST  PSI ETA  ETA FLOW FRESS FRESS FOWER AP
~ - TOTAL STATIC  TOTAL STATIC TOTAL  STATIC
; CFN  IN WG IN WG WP

: 3 0.0 0.0 0.43%1 0.41%1 0.0 0.0 0.0 4,622  4.822  0.486 ©.042

3 0.0810 0.0700 0.440) 0.4441 0.3922 0.3904 517,88 4.F91 4.948 1.038 ©0.0%3
0.1323 0.1143 0.4399 00,4344 0.3097 0.5034 Bud.) 4.B99 4,838 1.280 0,134
0.1704 D.1472 0.421%5 0.412% 0.%603 00,5403 108,86 4.695 4.594 1,438 0.128
0.2070 0.1709 0.4116 0.3964 0.6048 0.%852 1323.9¢ 4.5684 4,436 1.580 0.141
: 0,2381 0.2040 0.3799 0.3428 0.4127 0.5848  1510.2 4.231  4.039%  1.642  0.148
< ; ).2850 0.2290 0,3378 0.3140 0.5027 0.%450  1494.9 3. 742 3,519 1.723  0.1354
A 3 CL2R20 0.2434  0.3093  0.284% 0.%474 0.52712 1803.4 J.444 J.189 1.723 0,134
- ; (2954 0.29553  0.2824 0.2553 0.5414 0.4B95  1809.5 3.145 2,643 1,728 0.154
3 = 0.3120 0.24%5 0.2503 0.2199 0.%3041 0.4430 1995.4 2.787 2Q.449 1,737 0.155
;- 0.3599 O0.3110 0.1400 0.0994 0.3281 0.2334  2301.7 1.560 1,110 1.723 0.1%4

*See figure 36.
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1
P
; - TABLE 7. FAN SPEED 3500 RPM, CONFIGURATION 1*
£ 8
B = CENTRIFUGAL FAN TEST DATA REDUCTION FROGRAM
{ 3 BEEERERERRRRRRRRNRNEEERRERERRAXARTRTRRRARNY
B 3 (AMCA STANDARD 210-67¢ FIGURE 4.3)
i
;&
3 : VOLUTE TYPE - ARITH.SFIRAL
" E VOLUTE EXIT AREA = 125.06 SG. IN,
v 3
¥
v - IMNFELLER OUTSIDE DIAMETER (INCHES) 2,000
N g IMFELLER WIDTH FACTOR (SINGLE WIDTH FAN) 0.216
' IMPELLER INSIDE DIAMETER (INCHES) 7.982
S IMPELLER EXIT BLADE ANGLE (DEGREES) 61.500
R NOZZLE DIAMETER (INCHES) 6,994
v INCLINATION OF MANOMETER BANKS (DEGREES) 11,533
¥ 3 INCLINATION OF DIFF. MAN. (REGREES) 11,533
S| TORQUE ARM LENGTH (INCHES) 10,000
¥ < DUCT AREA TO CHAMEER (SGFT) 0.848
5 - DUCT AREAR UPSTREAM OF NOZILE (SGFT) 15.500
SR BAROMETER HEIGHT (INCHES OF MERCURY) 29.610
i X ANEKIENT AIR TEMFERATURE (DEGREES F) 56,500
3 3 VET BULE® TEMPERATURE (DEGREES F) £2,000
g 2 VATER DENSITY (LBS/CUFT) 62,384
-3 AMEBIENT AIR DENSITY (LES/CUFT) 0.07572

Y

FAN SPEED = 3I500 RPHM
XXX IRTBLRRIBIZBRRRL

a‘/ 3 PRI FH! PS1 PSI ETA ETA FLOW FRESS PRESS  POWER N3
- .. A TOYAL STATIC  TOTAL STATIC TOTAL  SYATIC
¥ 3 CFH  IN WG IN WG WF

0.0 0.0 0.4181 0.4141 0.0 0.0 4.328  6.328  0.777 0.044

; 0.0

& 3 0.0B45 0.0730 0.4479 0.4457 0.3957 0.3937  &30.8 &.81%1 6.776  1.710 0.084

s 2 0.1305 0.1127 0.4429 0.4374 0.5000 0.4940  ©73.6 6,734  6.654 2,066 0.116
3 0.1459 0.1433 0.4267 0.4181 0.5450 0.5340 1237,7 6.488  6.358 2,321 0.130

3 0.,2020 0.1745 0.4176 0.4049 0.5947 0,5786 1507,0 &.351 &.158 2,527 0.14)

3 0.234% 0,2029 0.3695 0.3723 0.4200 0.5928 1752.6 S.904 S.667 2.838 0.145

£ - 0,258 0.2234 0.3329 0,3320 0,61064 0.5744  1929.4 5,364 5.048  2.471 0.14%

3 0.0761 0,2385 0.3221 0,2982 0.5901 0.5443 2057.9 4,897 4.534 2,693  0.181

0.2933 0.2534 0.2939 0.2649 0.5484 0.5143 2189.2 4.449 4,059 2,210 0.152

0.3119 0.2495 0.2529 0.2223 0.5223 0,459 2327,1 3.84%  3.301  2.49%  C.15]

0.3401 0.3111 0.1389 0,0979 0.3347 0.2340 2606.9 2,112 1,489 2.87: C.149

*See figure 37.




= e w—

XON

Dwvistor- of Textton Inc

Bell Aerospace

62

FLOW COEFFICIENT (¢)
Figure 37 CONFIGURATION 1 PERFORMANCE, 3500 RPM

L i | 1 1 i 1
& 8 R 8 3 @< <. “ ~ - <
o o e ] (e ]
(Fu) () (%)
AONIID1443 IN3ID14430D IN3ID13430D
JYNSSIdd ¥3IM04
L AL e e oo B G s o B ligiis b L sl




Bell Aerospace L{IZALTN

Dwvision ot Textron inc

3
b .

P 68 -
%’ 66 |
b8 5
¢ £ e
} 5 N
i —— \
3 £ et CONDITION 1
i, (V81 '
¢ 50 54‘\}\
1 /! \
5g b * CONDITION 3
8
¥
.
H
B
N S o
a 0.4 M
:;.
i g5 \
X 20~ 0.3F \, \CONDITION 1
% g3 \
3t CONDITION 3
(=]
2
0.2 F
£ 0.1
o 2
(3
SL S
Q. t:l -
S 0 l | 1 1
0 0.1 0.2 0.3 0.4
FLOW COEFFICIENT (4}
, Figure 38 FFFECT OF BELLMOUTH POSITION ON PERFORMANCE,
‘ CONFIGURATION 1

63




. 8 Bell Aerospace L3411
1 : Dwision of Textron in¢
; £3

Sl SR A

N AR 7
R

. 8 25 IN.
- 360°

12.0 IN.

»

I Ry T T Lok

%

25.4 IN,

IR WS

CONFIGURATION 2

. | W= 9.0 IN.

——
21.4 1IN

180°

Figure 39 BELL COMPACT VOLUTE, COXFIGURATION 2

64




AL A A~ S S . Gdeaay

Z K 2 NOLLVUNOLARNOD ' LEIEONVYEY didsi 4010 RV UVIoN oy vanst g
CE
5
]
H
(o]
437113dWi ¥313Wvia
dll 30v13 °"NI-0°21
————"NI 1°5¢
L8°t1 * 0°6 "
INVHISIA 2
y3isn4did j
8v°6 x 0°6 i
xod INYTd 39YVHISIC hv4 ‘N1 S
WNN31d
- "NI 976§
..4,.u-§.&§:...u:to:r.. .. .&g..iw\frr%_.gu. i el > ,.u S T T it it o i g -




Bell Aerospace LIZAT 1]

Cnasion of Teatroning

& 2500 RPM )
80 © 3000 RPM
O 3500 RPM
70+ < 4000 RPM

EFFICIENCY
("t)

60

o
50} /

40

r
»

o
.
>
T

PRESSURE
COEFFICIENT
{v,)
e

<
[
—

0.2 o

pom 8
-

- 0.1¢ ‘Ha"é’
R o5
v oo ,/f
by PN - &
gww g

o s

EB Q@' 1 & S I

Q 0.1 0.2 0.3 3.9

FLiwe COEFFICIENT ()

Figure 41  CONFIGURATION I PERFORMANCE QOMPOSIYTE

66

PR S

s 2 o A o e AP sl A 8ttt

Lk Lt el s




Bell Aerospace HIZ41L 1)

Divie 2ol Textron Inc

TABLE 8§, FAN SPEED 2500 RPM, CONFIGURATION 2*

CENTRIFUGAL FAN TEST DATA REDUCTION PROGRAM
RERRARERRAERRREARKFEFRRRBARARAERG AR ERRARR AR

(AMCA STANDARDN 210-67+ FIGURE 4.3)

VOLUTE TYFE ~ ARITH,SFIRAL
VOLUTE EXIT AREA = 133.83 5Q. IN.

k. IMFELLER QUTSIDE DIAMETER (INCHES) 2.000
4 IMFELLER WIDTH FACTOR {SINGLE WIDTH FAN) 0.216
A IMFELLER INSIDE DIAMETER (INCHES) 7.982
‘ IMFELLER EXIT BLADIE ANGLE (DEGREES) 61.500
B NOZZLE DIAMETER (INCHES) 6.994
K INCLINATION CF MANOMETER RANNS (DIEGREES) 11,532
, INCLINATION OF DIFF. MAN. (DEGREES) 11.533
3 TORQUE ARM LENGTH (INCHES) 10.000
Y DUCT AREA TO CHAMKER (SQRFT) 0.92¢
3 DUCT AREA UFSTREAN OF NDZZLE (SQFT) 15,50y

BAROMETER HEIGHT (INCHES OF MERCURY) 29,450

AMEJENT AIR TEMPERATURE (DECREES F) 58,000

WET BULE TEMFERATURE (NEGREES F) 55,500
5 WATER DENSITY (LES/CUFT) 2,377

AMKIENT AIR DENSITY (LES/CUFT) €.02502

3

kS
v
5.
R
"
&

o3
b
<

{
i
¥

FAN SFEED = 2500 RPM ¥
EREEARREERR KRR RRRRAY ‘

.

-
¥
et

PHI FHI FrSI FS1 ETA ETA FLOW FRESS PRESS FOWER nE
TOTAL STATIC TOTAL STATIC TUTAL STATIC

k. CFN  IN WG IN WG HF

3 0.0 0.0 0,4141 0.,4141 0.0 0.0 0.0 3.183 J. 183 0.071 .01
K 0,0854 0.0738 0 4600 0.4580 0.4350 0,4331  455.3 3.536 3,521 0,583  C.060 !
3 0.1389 0.1200 0.4537 0.4484 0,5603 0.5538  740.4 3.487 3,447 0,776  0.140 |
5 0,1763 0.1523 0.4345 0.4260 0.5992 0.5874  939.6 J3.340 3.275 0.82%  C.10F 1
E »2130  0.1840 0.4145 0.4021 0.6470 0,6277  1135.3 3.184  3J.0Ff1 0,8F1 Q.14 |
;- 0.7452 0,211 0.3873 0.37209 0.4573 0.4294  1306.4 2,977 Q.851  0.937 Q.1n 3
- 0.4728 0.2357 0.3602 0,3399 0.4579 0.6208  1433.7 2,749 2,413 0,964 0,147 |
y 0,929 0.2531 0.3338 0,3103 0,4493 0.4035 1561.2 2,584 2.3p5 0,872 0.0 1
- 0,3109 0.2686 06,3070 0.2806 €.6237 0.5200 14%6.9 2,380 2,157 0,98 0.1
: 0.3298 0.2850 0.2768 0.2471 0,5966 0.%325 1757,9 2.128  1.89¢ 0,980  0.1M
0.3890 0.3361 0.1580 0,3145 0.4032 0.2973  2073,2 1.233 0.8% 0,984  0.150

*See figure 42.
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Bell Aerospace L1811

Division of Textron inc

TABLE 9. FAN SPEED 3000 RPM, CONFIGURATION 2*

CENTRIFUGAL FAN TEST DATA REDUCTION PROGRAM
L 2222222202202 22202008233 2323 33323333 28¢82;

T

*)
|

(AMCA STANDARIt 210-67» FIGURE 4.3)

iC)

VOLUTE TYFE - ARITH.SFIRAL
VOLUTE EXIT AREA = 133.83 8Q. 1IN,

.

%
i
¢
X
F
§A
|3
&
4
&

IMFELLER OUTSIDE DIAMETER (INCHES) 2.000
IMFELLEFR WIDTH FACTOR (SINGLE WIDTH FAN) 0.214
INFELLER INSIDE DIAMETER (INCHES) 7.982
IMFELLER EXIT BLADIE ANGLE (DEGREES) 61,500
NO2ZLE DIAMETER (INCHES) 6,994
INCLINATION OF MANDMETER KANXS (DEGREES) 11.533
INCLINATION OF DIFF, MAN. (DEGREES) 11,533
- TORQUE ARM LENGTH (INCHES) 10.000
DUCY AREA TO CMAMERER (SQFT) 0,929
) IUCT AREA UFSTREAM OF NO2ZLE (SQFT) 18.500
BARDHETER HEIGHT (INCHES OF MERCURY) 29.450
AMEIENT AIR TEMNFERATURE (DEGREES F) 58.000
WET RULE TEMFERATURE (DEGREES F) S5.500
WATER DENSITY (LES/CUFT) 42,377
AMEIENT AIR DENSITY (LRS/CUFT) 0.07502

FaN SPEED = 3000 RN
(2R3 ARR2R 223222222323

FHI Ful FS1 Lt ETA ETA FLOW FRESS FRESS  POUWER NP

TOTAL  STATIC TOTAL STATIC TOTAL STATIC
CFM IN WG IN WG WF

0.0 0.0 0.41346 0.4i1356 0.0 0.0 0.0 4.578 4.578 0.3%90 0.035
0.0817 Q.0706 0.440% 0.4391 €.4327 0.4310 522, S.302 5.082 0.9?21 0.087
0.13%4 0.1170 0.438? 0.453? JE729 0.5687 B&6&.1 S5.077  S.022 1.209 o.108
0.1748 0,1510 0.434% 0©.4247 0.4114 0.59%7 1112.7  4.811 4.718 1.38% 0.124
6.2104 0.181B 0.4130 0.40:0 0.6443 0.4274 1345.5 4,572 4.43¢8 1.4F¢ 0.134
To24L¥ QL 2090 9.-3884 0373 D.4570 0.46301 1547.2 4,299 4,123 1.5%% 0.143
0.2720 0.2850  0.3ATTA D.3I?2 0.4882 0.4211 17239.7 3.95¢ 3.733 1.647 0.148
0.2941  0.2543 06,3333 0.3098 0.459%9 0.4132 1880.4 3.490Q 3.429 1.456 C.14¥¢
¢.3104 0,2482 0.3081 0.2818 0.4831% 0.%771 1965.1 3.4} 3.119 1.490 0.1%2
0.32ee + 2640 00,2747 0.2471 0.5%03 0.527% 2102.6  J.08) 2.735 1.718 0.154
0.39046 0.3374 0.1408 0.1388 0.4060 0.3004 24%2.9 1.778 1.316 17223 0.15%

*See figure 43.
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Bell Aerospace LIZ4 11

Division of Textron Inc

' TABLE 10. FAN SPEED 3500 RPM, CONFIGURATION 2*

CENTRIFUGAL FAN TEST DI'ATA REDUCTION PROGRAM
) L2323 32832523332 822 3332333233238 8 23332320328

(AMCA STANDARD 210-67+ FIGURE 4.3)

13 VOLUTE TYPE -~ ARITH.SPIRAL
N VOLUTE EXIT AREA = 133.83 SQ. IN.

§w IMPELLER OUTSIDE DIAMETER (INCHES) 12,000
‘ ; IMPELLER WIDTH FACTOR (SINGLE WIDTH FAN) 0.216
2 IMPELLER INSIDE DIAMETER (INCHES) 7.982
S IMFELLER EXIT BLADE ANGLE (DEGREES) 41.500
E{ - NO2ZLE DIAMETER (INCHES) 6.994
z . INCLINATION OF MANDMETER RANKS (DEGREES) 11,533
. b INCLINATION OF DIFF. MAN. (DEGREES) 11.533
€ * TORQUE ARM LENGTH (INCHES) 10.000
I DUCT AREA TO CHAMBER (SOFT) 0.929
; LN DUCT AREA UPSTREAM DF NDOZZLE (SGFT) 15.500
il 2 RARDMETER HEIGHT (INCHES OF MERCURY) 29.450
gz B AMEIENT AIR TEMFERATURE (DEGREES F) 58.500
s WET BRULR TEMFERATURE (DEGREES F) 55.500
% B WATER DENSITY (LRS/CUFT) 62,374
g AMBIENT AIR DENSITY (LBS/CUFT) 0.07495
X

: 3 FAN SFEED = 3500 RFM
. - X BISRERBRILTEELERIES

& E PRI FRI PSI PSI ETA ETA FLOW PRESS PRESS FPOWER  KP
L b TOTAL STATIC  TOYAL STATIC TOTAL  STATIC
e 4 CFMN  IN MG IN MG WP

0.0 &.208 6.208 0.650 0.032

0.0 0.0 0.4124 0.4124 0.0 0.0
3 0.0832 0.0719 0.4430 0.44131 0.5311 0.5290  420.64 &.970 4.941  1.283  0.073
= 0.1343 0.1178 0.4589 0.4538 0.5643 0.5800 1017.4 4,908 6.832  1.§55 ©€.110
£ 3 0.1751 0.1513 0.4354 0.4272 0.4074 0.5958 1306.3 4.557 6.432 2.221 0.2
g . 0.2082 0.1799 0.4112 0.3994 0.6350 0.6175 1553.5 4.190 4.012 2.392 0.11%
: - N 06,2393 0.2068 0.3048 0.3492 0.4463 0.6201 1785.9 5,793  5.558 2.521  0.143
E % 0.2652 0.2317 0.3546 0.3349 0.6301 0.6141  2001.1 5.338 5.042 2,588  0.14%
N 0.2901 0.2507 0.3255 0.3025 0.6334 0.S8B7 2144.4 4.900 4.554 2,638 0.145F
Tl 0.3077 0.2659 0.3017 0.2758 0.6124 0.559% 2294.0 4.542 4,153 2,682 0.150
k. 0.3245 0.2821 0.2725 0.2433 0.5820 O0.5197 2438,2 4.102 3.663 2.704  0.153
o 0.30879 0.3352 0.31565 0.1153 0.3956 0.2933  2894.4 2.356 1.735 2,716 0.153

*See figure 44.
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- TABLE 11. FAN SPEED 4000 RPM, CONFIGURATION 2*

CENTRIFUGAL FAN TEST DATA REDUCTION FROGRAM
1332323332223 333220320220 332 3238282238822

R T 4

(AMCA STANDARD 210-67y FIGURE 4.3)

4

VOLUTE TYFE - ARITH.SFIRAL
VOLUTE EXIT AREA = $133.83 SQG. IN.

e

¢

13 IMPELLER OUTSIDE DIAMETER (INCHES) 12.000
> IMFELLER WIDTH FACTOR (SINGLE WIDTH FAN) 0.216
5 IMFELLER INSIDE DIAMETER (INCHES) 7.982
§ IMFELLER EXIT BLADE ANGLE (DEGREES) 61.500
4 NOZZLE DIANETER (INCHES) 6.994
< INCLINATION OF MANOMETER BANKS (DEGREES) 11.533
3 INCLINATION OF DIFF, MAN., (DEGREES) 11.533
B TORQUE ARM LENGTH (INCHES) 10.000
F - DUCT AREA TD CHANRER (SOFT) 0.92%
y DUCT AREA UFSTREAM OF NOZZLE (SGFT) 15.500
W BAROMETER HEIGHT (INCHES OF MERCURY) 29.450
3 AMETENT AIR TEMPERATURE (DEGREES F) 59.000
¥ WET BULP TEMPERATURE (DEGREES F) 54,000
i WATER DENSITY (LRS/CUFT) 2.372
¥ ANKIENT AIR DENSITY (LBS/CUFT) 0.07487

FAN SFEEDR = 4000 RPM
1233322220323 2324483

FHI FHI FSI ©S§1 ETa ETA FLOW FRESS FRESS POMNER NP
TOTAL STATIC  TOTAL STATIC TOTAL STATIC

CFH IN M6 IN UG NP

0.C172 0.0149 0.45166 0.4145 0.31819 0.1819 144.¢ £8.18) 8.181 1.041 0.03¢%
0.0832 0.0719 0.44822 0.44803 0.4342 0.4324 709.3 ¢.078 f.041 2.338 o0.08%
0.1390 0.120) 0.4420 0.4418 0.3742 0.5878 1185.4 9.173 9.0 2.983 0.112
0.1750 0.13512 0.4247 0.4345 0.6127 0.6213 1492,2 8.735 €.5723 3.331 0.127
0.2084 0.1804 0.41?95 0.4077 0.4442 0.4260 1780.0 8.23°7 8.007 J.%88 0.134
V.2393 0.2072 0.3984 0.3799 0.4483 0.4227 2044,.8B ?2.747 7.443 3.85%  0.14¢
0.2443 ©.2301 0.3531 0.3339 0.4387 0.4038 2270.7 6.934 4.358  3.6B3 0.147 !
«2681 0.248% 0.3249 0.3043 0.6254 0.3822 2454.3 4.421 5.9¢78 J.¢722  0.:15)
0.3073 «+2635  0.3001 0.2744 0.603? 0.5521 2820.7 5.8%4 $.3%0 4.030 0.153
0.3262 2019 2712 0.2423 0.3711 0.35i01 27681.8 S$.327 4,758 4.087  0.315%

*See figure 45.
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p o
g
% : TABLE 12, FAN SPEED 2500 RPM, CONFIGURATION 3*
i CENTRIFUGAL FAN TEST DATA REDUCTION PROGRAM
g- - : REBSESEEATRALITLINSTEB LRSS ELLRCSINISBENE32
Lo (ANCA STANDARD 210-67» FIGURE 4.3)
?
L
- VOLUTE YYFE - ARITN,SFIRAL
. VOLUTE EXIT AREA = 144,00 SG. IN.
| IMFELLER QUTSIDE DIAMETER (INCHES) 2.000
® INPELLER WIDTH FACTOR (SINGLE WIDTH FaN) 0.216
INFELLER INSIDE RIANETER (INCHES) 7.982
- : INFELLER EXIT BLADLE ANGLE (DEGREES) 61,500
7y - NDZ2LE DIAMETER (INCHES) 6.994
e ° INCLINAYION OF MANONETER BANKS (DEGREES? 11.533
? INCLINATION OF DIFF. MAN. (DEGRELS) 11.533
s - TOKGUE ARM LENGTH (INCKES) 10.000
S BUCT AREA TO CMAMBER (SOFT) 1,000
& IUCT AKEA UPSTREAN OF ND2ZLE (SOFT) 15.500
3 BAROMETER HEISHT (INCHES OF MERCURY) 29.290
ANTIENT AIK TEWFERATURE (DREGREES F) 55.500
- MET BULB TEWFEKATURE (DEGREES F) $2.000
) WATER DENSITY (LRS/CUFT) 62.389
. ANBIENT AIR DENSIYY (LBS/CUFT) 0.072504
2 FAN SPEED = 2500 RFH
3 [ 2YR22 0232022334233 3137
PHI FH] PSI PS1 ETA £va FLOW PRESS PRESS PONER W
TOTAL STYATIC YOTAL STATIC TOTAL  STATIC
CFH IN MG 3N MG WP
0.9 0.0 0.4109 0.4109 0.0 0.0 0.0 3,159  3.15¢  8.21¢  C.ON
, 0.0059 0.0%42 0.445%% 0.4447 0.4331 0.4314 438.0 3I.428 3I.413 ¢ =71 Q.08®
L. 0.1364 0.119¢ 0.4331 £.4206 0.5330 0.3274 37,5 3.33¢ 3.29% Q.28 @.312
e - €.1750 C.1532 0.417¢ 0.4100 0.3745 0.%645 P24 3210 35S .82 01D

C.2102 0.1614 0.4031 2.3927 0.407% 0O.3F18  3I20.4 3.0FF 3.9 Q.end 0.12¢

0.2448 0.211% 0.777¢ 9.3735 0.4A37% 0.48147 1304,.% D.7¢  DQ.671  O.¥A0  Qa4®

0.2754 2391 0.3420 0.32aF Q.2%50 Q 42)? 1445, ¢ 2.7B¢ 2.658 Q. v84 Q.1%2

0.205¢ 0.22%4 0,338V 0.3162 2.843F 0.4042  1%74.9 2.%°0 2.4t 1,000 Q.8%E

- O.218% O.2731 0.328Y 0.2048 £.4238 0,569  1464,3 2.3 2.168% 1.00% Q.3%Y
T, G442 O.26°3 Q0,2792 0.2%2k Q.8T20 O.B3%9  1T8e4.% 2.147 1,04} t.03%  O.3%8
3900 0.338F  0.1%82 0.1202 0Q.394% 0.3038 2076.4 1.201% 0,924 e.9%¢ 0.154

- . *See figure SO.
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TABLE 13.

FAN SPEED 3000 KPM, CONFIGURATION 3*

CENTRIFUGAL FAN TESY DATA REDUCTION PROGRAM
BEXRARBAENBURI TR ERRIRNNBEIRABAERBBANERRNRY

(ANCA STANDARI' 210-67+ FIGURE 4.3)

VOLUTE YYPE - ARITH.SPIRAL
VOLUYE EXIT AREA = 144,00 SR. IN.

*See figure 51,

81

Bell Aerospace LIZA 111

Dwvision of Textion In¢

IMPELLER OQUTSIDE DIAMETER (INCHES) 12.000
IMFELLER WIDTKR FACTOR (SINGLE WIDTH FAN) 0.217
INPELLER INSIHE DIAMETER (INCHES) 2.982
INPELLER EXIT RLADRE ANGLE (DEGREES) 81.5C0
NOCZLE DIAMETER (INCHES) 6.994
iNCLINATION DOF NANOMETER RANKS (DEGREES) 11,533
INCLINATION OF DIFF. MAN. (DBESREES) 11,533
TORQUE ARM LENGTH (INCKES) 10.000
DUCT ARER TD ChAMRER (SQFY) 1.000
DUCT ARZA UPSTREAM OF NO2ZLE (SQFT) 15.500
BAROMETER HEJGHT (INCHES OF MERCURY) 29,390
AMBIENT AIR TEMPERATURE (DEGREES F) $6.300
WET RULEK TEMFPERATURE (DEGREES Fi $5.000
WATER DENSITY (LBRS/CUFT) 62.374
ANRIENT AIR DENSITY (LRSSCUFT) 0.0748:
FAN SPLED = 3000 RPM
BAILTERBUBETILREBBRER
PHI FNI PSSl FI1 ETA CTa FLOW PRLSS TRESS PONCR
TOTAL STATIC YOTAL STATIC TOTAL BYATIC
CFN IN ¥ IN NG NP
0.0 0.0 0.43111 0.41t1 0.0 0.0 0.0 4.330 4,538 0.3462
0.0B56 0.0745 0.4476 0.4439 0.4377 0.4340 §%1.5 4,942 4,922 0.981
0,130 0,120 ©.4372 0.4327 0.350% 0.5452 890.0 4.027 4,778 .20
0.1733 0,1508 0.4185 0.4118 0.5879 0.8779 1114.¢ 4.6} 4,542 1.300
0:.2112 00,1837 0.4113 0.40086 0.4343 00,6100 1357.9  4.%540 4,422 1.533
0,244 00,2124 0.3891 0.374% 0.6593 0.83%2 I 4,296 4,132 1.614
0.2217 00,2343 0.3348 0.3472 0.6641 0.633° 1749.5 4,027 3.8 1.668
Q.98 0,285 0.337¢ 0.3173 0.649? 0.6101 186%.4 3.730 J.503 1.70¢
¢y «2740 0105 0.2892 0.42%70 0.3022  2005.9 3J.447 J.193 1,733
0.331¢ «2807 0.2003 0.23%3% 0.8¢1% 0.%3%7 2137,1 3088 2.803 1,781
0.3896 0.3389 0.1347 0,31203 0.38356 0.3020 2508.9 1.7230 1.328 1.73?

N

0.1%2
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NOTE:

OPERATING POINTS AT WHICH
PRESSURE AND VELOCITY SUR-
VEYS WERE MADE FOR THIS
AND CONFIGURATIONS 4 AND

5 ARE IDENTIFIED BY A,

B, AND C.

0 0.1 0.2 0.3
FLOW COEFFICIENT (¢)

0.4

Figure S1 CONFIGURATION 3 PERFORMANCE, 3000 RPM
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CENTRIFUGAL FAN TEST DATA REDUCTYION PROGRAM
BESRSRIBARBSLRAXSRATARASRALRBINRRIRRAABRERR

(ANMCA STANDARD 210-47¢ FIGURE 4.3}

VOLUTE TYPE -~ ARITH.SFIRAL
VOLUTE EXIT AREA = 144,00 SQ. IN.

IMPELLER OUTSIDE DIAMETER {(INCMES) 2.000

INPELLER WIDTH FACTOR (SINGLE WIDTH FAN) 0.216

IMFELLER INSIDE DIAMETER (INCHES) 7.982

IMPELLER EXIT BLADE ANGLE (DEGREES) 61.500

NGZZLE DIAMETER (INCRES) 6,974

INCLINATION OF MANOHETVER BANKS (DEGREES) 11,533

INCLINAYION OF DIFF. MAN. (DEGREES) 11,533

TORQUE ARM LENGTH (INCHES? 10,000

DUCT AREA TO CHAMRER (SQFT) 1.000

DUCT AREA UPSTREAM OF NOZZLE (SQFTY) 15.500

BAROMETER HEIGHT (INCHES OF MERCURY) 2v.290

ANKIENT AIR TEMFERATURE (DEGREES F) 84.500

WEY RULB TEWMPERATURE (DEGREES F) 33.000

WATER DENSITY (LRS/CUFT) 42.384

ARKIENT AIR DENSITY (LBS/CUFT) 0,07468

FAN SFEED =  35C0 RPH
BRI IERSRUVBLEREBLL

PHI FHI PS1 pPsI ETA ETa FLOW PRESS
JOTAL STATIC  TOTAL STATIC TOTAL
CFN IN NG
0.0 0.0 0.4129 0.412¢ 0.0 0.0 0.0 6.208
0.0857 0.0740 0.448B7 0.4470 0.5228 0.5208 63%.2 s.747
0:1382 0.,1194 0.4389 0.4324 0.5381 0.832¢ 1030.%# &.549
0.1742 0,150 0.4204 0.43133 0.57253 0.3656 1299.4 6.3
0.,2105 0.1819% 0.43118 0,401 0.6268 0.8107 1570.5 4.1808
0.,2429 0.2098 0.3886 0.3747 0.643% 0.4228 1812.,0 9S.643
0.27224 2 230T 043813 0.3438 0.6443 0,613  2032.3 3.412
02743 00,2543 0.3342 0.3138 0.4382 0.3%98 2193.9 S5.025
0.3123 0.2698 0.3073 0.2643 0.8154 0.56%8 2320.9 4,820
0.3330 0.2877 0.2795 0.2533 0.%099 0.3347 2484.5 4,202
0.3917 0.3384 0.1564 0.1201 0.3948 0.3030 2022.8 2.352

*See figure 52.
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FAN SPEED 3500 RPM, CONFIGURATION 3*

PRESS
STATIC
IN WO

4.208
6.7222
$.302
6.214
4.032
S.634
5.1%0
4.7218
4,274
3.80¢
1.805

POUER
L1

0.5¢4
1.29¢
4.963
Q.24
Q.443
Q.382
2.699
2.7
2754
2.788
2.743

NF

0.034
0.074
0.112
0,127
0.13p
0.14a
0.182
0.1%4
0.1%¢
00158
00,5:'
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to the conditions at the box inlet. In accordance with the AMCA Standard
(reference 1) recommendation, a very small total pressure correction for the
length of the duct to the box beyond the end of the normal diffuser was

included as appropriate. However, the absence of this correction has negligible
effect on the results.

CONFIGURATION 3

Figures 53 through 79 illustrate test results for the final Bell compact volute,
as described below.

Figures 53 through 55 show the results of the inlet bellmouth velocity surveys
at three operating points.

Figure 56 shows the volute exit plane pressure measurement locations, and
figures 57 through 60 show the results of the volute exit plane surveys at
these locations for four operating points.

Figures 61 through 63 show the impeller blade inlet flow angle survey results
at three operating points, and figures 64 through 66 show the impeller blade
velocity survey results at the same three operating points. Figures 67 through
69 show the results of the impeller blade inlet pressure surveys at three
operating points, and figures 70 through 72 show the impeller blade exit flow
angle survey results at these three operating points, Figures 73 through 75

show the impeller blade exit pressure survey results for the three operating
points,

Figure 76 is a diagram showing the locations within the volute at which pres-
sure readings were taken. Figure 77 shows plots of these pressure readings
as a function of actual and radial positions.

Figure 78 shows the results of a longitudinal pressure survey through the

inlet bellmouth at a radius of 2.6 inches from the impeller shaft axis.
Figure 79 shows the corresponding velocity for this pressure survey.
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- FAN RPM: 3000
HOLES: 33
V FT/S

200 100 0

L } |
T AN ~ 90
80
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Lo : B 200
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D |
~ 100

0 - - + Lo
v FT/S \ ‘ AUPNAY K_/

100 4 |

200 - |

0

1 A
0 100 200
V FT/S

Figure 53 INLET BELLMOUTH VELOCITY SURVEY, OPERATING
POINT A, CONFIGURATION 3
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FAN RPM: 3000
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4 Figure 54 INLET BELLMOUTH VELOCITY SURVEY, OPERATING
- POINT B, CONFIGURATION 3
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FAN RPM: 3000
HOLES: 50

V FT/S

— 200

— 100 V FT/S

L 0

vV FT/S

INLET BELLMOUTH VELOCITY SURVEY, OPERATING
POINT C, CON!IGURATION 3
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FAN RPM: 3000

VIEW LOOKING INTQ DIFFUSER FROM VOLUTE

KORIZONTAL DISTANCE FROM BACKWALL (IN.)

Figure $7 VOLUTE LalT PLANE SURVEY, OPERATING

POINT A, CONFIGURATION 3
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Figure 59 VOLUTE EXIT PLANE SURVEY, OFERATING
POINT C, CONFIGURATION 3
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FAN RPM: 3000

HOLES: 33 /‘ \
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Figure 61 TMPELLER BLADE INLET FLOW ANGLE SURVEY,
OPERATING POINT A, CONFIGURATION 3
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FAN RPM: 3000
HOLES: 39

10 ¢

81
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DISTANCE FROM FRONY QF SHROUD (IN)

Figure 62 IMPLLLER BLADE INLEY Flow ANGLEY SURVEY,
OPERATING POINT B, CONFIGURATYION 3
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Figure 63

4 ] |
1.0 2.0 3.0 4.0
DISTANCE FROM FRONT OF SHROUD (IN)

IMPELLER BLADE INLET FLOW ANGLE SURVEY,
OPERATING POINT C, CONFIGURATION 3
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OUTSIDE
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DISTANCE FRON FRONT OF SHROUD (IN)
Figure 64 IMPELLER BLADF VELCCITY SURVEY,

OPERATING POINT A, CONFIGURATION 3
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Figure 65 IMPELLER BLADPE VELOCITY SURVEY,
OPERATING POINT B, CONFIGURATION 3
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FAN RPM: 3000
OPERATING POINT B
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Figure 77 VOLUTE INTERNAL PRESSURE EXPLORATION
RESULTS, CONFIGURATION 3
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Figure 78 INLET BELLMOUTH LONGITUDINAL PRESSURE SURVEY,
OPERATING POINT B, CONFIGURATION 3
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FAN RPM: 3000

HOLES: 39 ?;géng
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Figure 79 INLET BELLMOUTH LONGITUDINAL VELOCITY SURVEY, :

‘ OPERATING POINT B, CONFIGURATION 3 r;
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CONFIGURATION 4

For the log spiral volute, Configuration 4, a spiral angle of 10.9 degrees was
chosen, and the volute width of 9 inches was maintained. The polar coordinates
for these volutes are shown in table 15, which is the output from a computer
program used for this purpose. The spiral itself is shown in figure 80 (also
see figure 81), and may also be seen as the outermost spiral on the Plexiglas
volute walls in figures 7 and 8. The spiral angle chosen was the result of

a compromise between design for efficiency and the need to keep the volute
exit plane height within reasonable limits. Nevertheless, better efficiency
was expected, and the performance results shown in figures 82 through 87 and
tables 16 through 20 were somewhat disappointing, although the pressure/flow
goal was closely approached.

Volute exit and inlet surveys were made before proceeding with the JEFF(A)
volute, Configuration 5.

Figure 88 shows the Configuration 4 volute exit plane pressure measu:ement
locations, and figures 89 through 91 show the results of the volute exit plane
surveys at these locations for three operating points.

Figure 92 shows the impeller blade inlet flow angle survey results at the
second operating point, B, and figure 93 shows the impeller blade velocity
survey results at the same operating points.

Figure 94 shows the results of the impeller blade inlet pressure survey,
figure 95 shows the results of the impeller blade exit flow angle survey, and
figure 96 shows the results of the impeller blade exit pressure survey at
operating point B.
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4 ? . TABLE 15. LOG SPIRAL DEFINITION
3 THETA (DEG) RADIUS (SAME AS RO)
_ 10.0 6.2049
Fo. 20.0 6.4169
E ) 30.0 6.6361
! 40.0 0.8027
r 3 50.0 7.0071
k 60.0 7.3396
% : 70.0 7.5002
1 1 80.0 7.8495
¥ | 90. $.1176
£ b 100, 0 8.394¢
. 8 110.0 8.6816
L. 120.0 8.9782
3 3 130.0 0. 2848
} 3 140.0 9.6020
. 150.0 9.9200
X b 160.0 10,2691
s : 170.0 10,6199
b 3 180.0 10,9826
¢ 9 190.0 11,3578
3 - 200.0 11,7457
3 210.0 12,1469
P 3 220.0 12,5618
:. 3 230.0 12,9909
F 9 240.0 13,4330
o 250.0 13,6935
g -3 260.0 14. 3080
o 4 270.0 14,8588
3 280.0 15,3003
E 3 290.0 15,8012
3 3 300.0 16,4340
310.0 16,9953
320.0 17,5758
130.0 18.170!
340.0 18, 79069
350.0 19,4390
360.0 20,1020
370.0 20,789
380.0 21.499?
CONSTANT » 6§85.577
SPIRAL ANGLE (DEG) » 10.893
BASE CIRCLE RADIUS (RO) = 6.000
14
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TABLE 16,

FAN SPEED 2500 RPM, CONFIGURATION &4*

CENTRIFUGAL FAN TEST DAYTA REDUCTION PROGRAM
SOBR0CSIUONIIRINIINEISINNINEEIROBIBRIRIRINIS

(ARCA STARDARD 210-67¢ FICURE 4.3

VOLUTE TYFE - LOG-SFIRAL

AT qr-w-w@\*"u\“wv

Bell Aerospace LIZA1 1]

Doy o Toatron ing

SFIRAL ANG.E = 30,87 DEGREES
VOLUTE EXIY AREA » 195.72 SQ. IN.
INCELLER QUTSIDE DIANMETER (INCNES) 12.000
INMEELLER NIDRTK FAZTOR (SINGLE MIDIN FaAN) 217
INCELLER INSIDE DIAMETER (INCHESY ?.e82
IMSELLER EXIT BLADE ANGLE (DEGKREESY -3 - JuiN]
NOJ2LE PIAMETER (INCHNES) 6.9¢4
INCLINAYION OF RMANDNETER BDANAS (DEOKREES) 11.5W2
INCLINATION OF DIFF, maN, (DEGREES) 11.533
YORQUL QRN LENGTH (INONES! 1IQ. Q0
DUCT AREA TO CMHANRER +SOFT) 1.380
DUCTY AREA UFSTREAMN OF NOI2LE (SOF 1) 1530
BARONETER MEIGHT (INCKES OF MERCURY) 26,01
ANMIENT ALK TEMFERATURE (DEGKEES F) So. B0
SEY RULR TERSERATURE (DEGREES F» 4% 700
SATER DPENSITY (LBRS'CUrY» .36}
ANFIENT ALK DENSITY (LDS/CUFT) 2.078%
FAN SFEED » 2300 RPN
BS0000800088530800008
Pul Feil 431 53] ETA ETA FLOW PRESS PRERS POMER
TCtAL STATIC TOYAL STATIC T0tay STAYIC
Crn IN 83 I ud HE
0.0 ¢.0 Q. 40ed 0. 4040 0.0 0.0 0.0 J.teY . 149 Q.20
Q02 00074 0. 4170 0,482 0304 .38 41%.% 3.7 k P32 ¢.ue
Q.24 Q1081 0, 400Y Q3073 O.4%48 Q.42 3.0 3.210 3.1 DY
€.188™ C.14358 ¢,397) 0.3030 0.32)° 0.%51%0 e%.4 3.1 J.oae Q.Eev
QL1987 0.1730 L3011 .38a1 0.%3%8 0,838 12374 3.Qa8 J.Qw D.OTa
Vo3t 03063 03N 0.37A1 G388 0.3 222 S AN b N | I
QDY 0.2308  0.3403 03512 0.60%5 0.u8CB 1450.% Q.86 .82 1.0
i3I0 0.2387 0. 342]  0.32% Q.Y Q.42 1383.¢ J.ee6 .28 1.0°8
O 3148 0.2734 0.3130 0.3013 0.4174 Q.%% 1498.4 2.4a0 .34 1.0a°
0.340%  0.2Ves 2825 0.2679% 0.3943 0.%82% £ 1 D20 S . ) S 1.0
0.40350 0.3403 (.1303 O0.1300 0.3%27 0.33¢7 151,97 .10 .02 1.

*See figure 83,
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- TABLE 17. FAN SPEED 3000 RPM, CONFIGURATION 4*

CENTRIFUGAL FAN TEST DATA RENUCTION PROGRAM
EREARENORKK R KKk KRk KKk Kbk kKKK Kk kkk kKo k ko

(AMCA STANDARD 210-47+ FIGURE 4.3

VUDLUTE TYFE - LOG-SFIRAL
SFIRAL ANGLE = 10,89 DEGREES
VOLUTE EXIT AREA = 198.72 8Q. IN.

IMFELLER DUTSILE DIAMETER (INCHES) 2.000
IMFELLER WIDTH FACYOR (SINGLE WIDTH FAN) 0.217
IMFELLER INSIDE DIAMETER (INCHES) 7.982
IMFELLER EXIT BLADE ANGLE (DEGREES) 61.500
NOZZLE DIAMETER (INCHES) 6.994
INCLINATION CF MANOMETER RANKS (DEGREES) 11.533
INCLINATION OF DIFF. HAN. (DEGREES) 11.833
TORQUE ARK LENGTH (INCHES) 10,000
BUCT AREA TO CHAMEER (SQFT) 1.380
DUCT AREA UPSTREAM OF NOZZLE (SGFT) 15.500
RAROMETER HEIGHT (INCHES OF MERCURY) 29,280
AHEIENT AIR TEMPERATURE (DIEGREES F? é€%9.100
WET BULR TEMPERATURE (DEGREES F) 57.200
WATER DENSITY (LES/CUFT) 62.308
AMRIENT AIR DENSITY (LBS/CUFT) 0.0730%

FAN SFEED = 3000 RPM
L2322 2233232223333 24

FHI FHI FST FSI ETA ETA FLOW PRESS FPRESS  POMER N\F
TOTAL STATIC  T9TAL  STATIC TOTAL STATIC
CFM  IN WG IN WG NF

0. 0.0 0.0 0.0 4.398 4.398 0.414 0.038
0.0762 0.,0683 0.42311 0.4204 0.352¢ 0.3523 4°0.8 4.548 4.538 0.995 0.0%:
0.1282 0.1115 0.4141 0.4120 0.4553 0.43530 Bl5.6 4.47% 4.448 1,226 0.117
041485 0.1466 0.4024 0,399! 0.5048 0.5001 1085.1 4,347 4.308 1.47} 0.134
0.2078 0.1807 0.399% 0.3944 0©.5544 0.5491 1337.9 4.317 4.25, 1.433 7.14°
0.2442 0.2114 0.3824 0,3750 0.56855 0,5742 15646.0 4.128 4,049 1,232 0.15%
0.2728 0.2373 0.343% 0.3544 0.4248 0.6107 1754.5 3.92%  3.829 1.733 0.158
0.2946 0.2563 0.3414 0,330 0.424% 0.6050 1897.5 3.484 3.549 1.761 0.161
0.3174 0.2741 0,3143 0.3037 0.4170 0.5Y24  2044.0 3,415  3.279 1.780¢ 0.146X
0.3389 0.2948 0,2502 0.2857 0.5773 0.5475 2182.2 3,025 2.84% 1,799 (.14
t 0.4003 0.3483 0.1489 0.128? ©€.3794 0.3280 2578.1 1.407 1.38¢ 1.288  0.137

0 0.0 0.4074 0.4074

*See figure 84.
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TABLE 18, FAN SPEED 3000 RPM, EXTRA POINTS,
CONFIGURATION 4+

3 CENTRIFUGAL FAN TEST DATA REDUCTION FROGRAM
3 RARRARARRIRBRRRBARR B AR ERRRRBRRERA R AN AN N}

3 (AMCA STANDARD 210-47+ FIGURE 4.3)

B VOLUTE TYFE - LOG-~SFIRAL
A SFIRAL ANGLE = 310.8% DEGREES
3 VOLUTE EXIT AREA = 198.72 SQ. IN,

ST R T ey

& IMPELLER OUTSIDE DIAKETER (INCNES) 12,000
B . IMFELLER WIDTH FACTOR (SINGLE WIDTH FAN) 0.217
£ f IMPELLER INSIDE DIAMETER (INCHES) 7.982
S IMPELLER EXIT BLADE ANGLE (DEGREES) 61.500
e 7 E NOZZLE DIAMETER (INCHES) 6,994
&, INCLINATION OF MANOMETER BANNS (DEGREES) 11,533
i3 INCLINATION OF DIFF. MAN, (DEGREES) 11,533
< 3 TORQUE ARM LENGTH (INCHES) 10.000
Fy . DUCT AREA TO CHAMBRER (SQFT) 1.380
) A DUCT AREA UPSTREAN OF NOZZLE (50FT) 15.500
. 3 RARDMETER HEIGHT (INCHES OF MERCURY) 29.350
3 3 AMEIENT AIR TEMPERATURE (DEGREES F) 70.300
N 1 WET RULF TEMFERATURE (DEGREES F) 56,000
» X WATER DENSITY (LRS/CUFT) 42,299
e AMBIENT AIR DENSITY (LRS/CUFT) 0.07314
% . FAN SPEED = 3000 RFM
Y 2 (3SR RSRRSL IR0
a 3
E - PHI FH1 PS1 FEl EYA ETA FLOW FPRESS FRESS  FOWER X
& 3 TOTaL SVATIC  TOTAL STATIC TOTAL  STATIC
¥ 3 CFM  IN WG IN NG NP
;o 0.0 0.0 0.4013 0.4015 0.0 6.0 0.0 4.338  4.330  0.3IFC  0.014
. 0.8302 0.0009 0.40B9 0.408% 0.0933 0.0933 85,8 4.41F  4.410  0.450  0.04%
2 0.0231 0.0201 0.4117 0.43117 0.17?5 0.177% 148.5 4.44% 4448 J.%8% .01
0.0448 0.9407 0.4138 0.4135 0.2733 0.27% 301.4 4,471  4.468 0.778 0.0
: - AONIP 0.0520 0.4130 0.412% 0.3104 0.M10N IB5.1 4,483 4,438 0.B7Y 0,060
: ;. i0A14 0.071¢  0.41353 0.43144 0.3710 0.3703  523.Q 4.4B7  4.478  1.000 0,00}
E A 2.1904 0.004%5 0.4150 0.4135 0.4282 0.4287 899.2 4.4B4  4.488 1.1%0 0.0
‘ 9 0.1101 0.09%8 ©.4078 0.,4041 0.3823 0.3809 709.0 4,403 4.308  1.28% 0.1
. - 0.1203 0.1308 0.3988 0.3039 0.4787 0.4753  966.0 4,309  4.278  1.3% 0%
OB €.XA°) ©0,1472 0,3984 O0.3750 0.3088 0.3072 1080.2 4,307  4.088 1.4%T 002
8 0.2874 0.1430 0.3933 0.3887 0.3065 ©0.5204  1206.8 4,250  4.200 1.333  0.140
i 0.2077 0.1807 0.3930 0.367¢ 0.5304 0.5328  1337.8 4,247  4.180  3.39%  O.14¢

e
Y
S

) ;_ *se0 figure 85.
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i 3 TABLE 19, FAN SPEED 3500 RPM, CONFIGURATION 4*
¢
Y CENTRIFUGAL FAN TEST DATA RERUCTION PROGRAM
. BEKRRERRIRRRRRN IR ERRRNRRRRERRIREREERERRARNY
%‘ . (AMCA STANDARD 210-67¢ FIGURE 4.3)
v
L b VOLUTE TYPE - LOG-SFIRAL
¢ SFIRAL ANGLE = 10,89 DEGREES |
LN VOLUTE EXIT AREA = 198.72 5Q. IN, ;
- |
ﬁ_- : IMFELLER OUTSIDE DIAMETER (INCHES) 12,000 |
- IMFELLER WIDTH FACTOR (SINGLE WIDTH FAN) 0.217 :
%f IMFELLER INSIDE DIAMETER (INCHES) 7.982 |
v 3 INFELLER EXIT BLADE ANGLE (DEGREES) 61.500 ;
s 3 NOZZLE DIAMETER (INCHES) 6.994 g
g ] INCLINATION OF MANDNETER BANKS (DEGREES) 11,532 i
¥, X INCLINATION OF DIFF. MAN. (DEGREES) 11.533 ;
s TORQUE ARM LENGTH ¢ INCHES) 10.000 l
DUCT AREA TO CHANRER (SOFT) 1,380 :
DUCT AREA UFSTREAN OF NOZZLE (SGFT) 15,300 i
BARDMETER WEJGHT (INCHES OF MERCURY) 29.850
AMBIENT AIR TENFERATURE (DEGREES F) 41.500 |
WET KULK TENPERATURE (DEGREES F) 2,800 - i
VATER DENSITY (LBS/CUFT) 62,358
AMEIENT AIR DENSITY (LBS/CUFT) 0.07564
FAN SPEED = 3500 RPK ]

B840 0800380888802

FH1 FHI FSI PSI ETA ETA FLOM FRESS PRESS  PUOUER AP
TOTAL STATIC  YOVAL STATIC YOTAL  SYATIC

CFM 1IN MG IN WG NP

0.0 0.0 0.4032 0.4032 0.0 0.0 0.0 6.1268  4.128 0.68 0.03
0.0784 0.04B4 0.4180 0.4172 0.359) 0.3382 590.4 4.351 4,340 1.844  ¢.0¢)
0,113 0.1142 00,4109 0.40868 0.4571 0.4547 £64.2 4.24% 212 dae ¢.118
0. 1498 0.1474 0.3F6% 0.3P54 0.5024 0.497¢ 1274.3  4.062 4.008 Q.47 ¢ 132
0, 20¢2 0,1620 0.3991 Q.3%34 0.5407 0.8530 1571.% 6.065  S5.¥RY  2.477 (Q.14¥
0.2431 0,2115 0.3830 ©0.3?56 0,383 0.%744 184,46 S5.820 S.P08 2.Bs0  C.IRC
0.2724 0.2371 0.3423 0.3333 0.4248 0.4088 2047.8B 35.50¢ S5.348 2.Beay  0.1%0
0.2935 0.2571 0.3344 0.3254 0.6133 0.5934 220.2 8115 4.948  2.P13 0.182
0.3158 0,2747 0.314) 0.301F 0.40%6 0.35817 2372.3 4772 4.38) 2.4 0.164
90,3381 0.2°41 0.2801 0.2435 O0.5732 0.34%8  2540.1 4.257 4.0 2.080 0.14T
. 0.4004 0.34683 0.3483 0.1281 0.3748 0.3238 3008.0 2.254 1.947  QJ.84% 0.138

i e s, s+ W,

*See figure 85.
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- TABLE 20. FAN SPEED 4000 RPM, CONFIGURATION 4*

CENTRIFUGAL FAN TEST DATA REIWCTION FROGRAM
1322333283333 3383022323222 22 32233222 2]

C(AMNCA STANDARD 210-67¢ FIGURE 4.3)

VOLUTE TYFE - LOG-SFIRAL
SFIRAL ANGLE = 30,89 DEGREES
VOLUTE EXIT AREA = 19B.72 SQ. IN.

IMFELLER OUTSIDE DIAMETER (INCHES) 12.000
IMFELLER WIDTH FACTOR (SINGLE WIDTH FAN) 0.217
IMFELLER INSIDE DIAMETER (INCHES) 7.982
IMPELLER EXIT ERLADIE ANGLE (DEGREES) 61.500
NOZZLE DIAMETER (INCHES) 6.994
INCLINATION OF MANOMETER BANKS (DEGREES? 11.533
INCLINATION OF DIFF. MAN. (DEGREES) 31,533
TORQUE ARM LENGTH (INCHES) 10.000
DUCT AREA TD CHAMBRER (SQFT) 1.380
DUCT AREA UFSTREAM OF NOZZLE (SGFT) 15.500
RAROMETER HEIGHT (INCHMES OF MERCURY) 29.850
AMEIENT AIR TEMFERATURE (DEGREES F) 48.100
WET BULER TEMFERATURE (DEGREES F) 546,000
MATER DENSITY (LBS/CUFT) 62,313
ANBIENT AIR DENSITY (LBS/CUFT) 0.07448

FAN SFEED = 4000 RPM
1322232332323 32333481

PHI FHl PSI FSI ETA ETA FLOW PRESS FPRE3S  FOWER \F
TOTAL BSTATIC  TOTAL STATIC TOTAL STATIC
CFM IN WG IN WG NF
0.0 0.0 0.40350 0.4050 0.0 0.0 0.0 7.941 7.941 1.028 0.03%
0.0785 0.0483 0.4183 0.4175 0.3544 0.3537 474.3 B.202 B8.187 2.4%6 0.093

0.1249 0.1304 0,413 0.4111 0.4456 0.4435 1009.4 £6.100 08.041 3,116 0.1%18
0.145%0 0.1434 0.4024 0,3991 0.4901 0.4B59 1417.% 7.894 2,827 3292 0.1X¢
0.2054 0.1788 0.4003 0.3951 00,5445 0.53723 1745.0 7.851 7.747 4.00% 0.131
0.2418 0.2104 0,3850 0.3777 0.5784 0.%5624 2074.1 7?7.3550 7.407 4.285 0.141
0.2732 0.2381 0.3437 0.3%43 0.8192 0.46033 2347, 272.108 4.947 4,259 0,181
0.2924 0.2587 0.3375 0.3285 0.6126 0.3928 2553.35 46.619 6.402 4341 0.164
0.3193 0.2778 0.3109 0.2962 0.59722 0.3728 2741.5 4.098 S5.848 4.403  0.16¢
0.3386 0.2944 0.2804 0.2661 0.5721 0.5429 2907.7 5.499 S.218 4.398  0.14%

*See figure 87.
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FAN RPM: 3000
VIEW LOOKING INTO DIFFUSER FROM VOLUTE
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9
1

%} 5. JEFF(A) VOLUTE AND DIFFUSER, CONFIGURATION 5

The JEFF(A) volute geometry was carefully reproduced in accordance with the
drawings provided in the JEFF(4) Scale Model Test Programs Lift Fan Performance
Evaiuation (Report No, ALRC 9737-0621, April 1977).2 The JEFF(A) configura-
tion is shown diagrammatically in figures 97 and 98 for comparison with the
other configurations, and the ALRC drawings are reproduced in figures 99
through 101.

Performance tests were carried out at speeds of 2500, 3000, 3500, and 4000 rpm.

The results are presented in figures 102 through 106 and tables 21 through 24.

‘ Surveys were performed at both the volute exit plane and at the diffuser exit

& plane for three operating points and two fan speeds, as indicated by the matrix
' shown in table 6.

Surveys were also made of the flow entering the inlet and blades, and the flow
leaving the blades. Velocity (airspeed and direction) was determined from

the total and static pressures recorded. The locations at which all these
measurements were made are indicated on figures 25, 26, and 27.

RV S 7 PR, - A i O S~ DA Y i P
: oo . o - e oo s
. ] N .0 - u . 5 iy

hoe Wéﬂ"ﬁ
N

. Figures 107 through 109 show the Configuration § inlet bellmouth velocity sur-
4 vey results for three operating points.

« W
Bl 4

2 g Figure 110 shows the volute exit plane pressure measurement locations, and
figures 111 through 113 show the results of the volute exit plane surveys
at these locations for three operating points.

i ;\w;h B
o

e
FOCTRIF TN . L o3

Figure 114 shows the diffuser exit plane pressure measurement locations, and
figures 115 through 118 show the results of the diffuser exit plane surveys
at these locations for four operating points.

RS e
=

Figure 119 shows the impeller blade inlet flow angle survey results at the
3 second operating point, B, and figure 120 shows the impeller blade velocity
5 survey results at the same operating point.

k. : Figure 121 shows the results of the impeller blade inlet pressure survey,
g 3 figure 122 shows the results of the impeller blade exit flow angle survey,
AN | and figure 123 shows the results of the impeller blade exit pressure survey
at operating point B.

For al} the fan tests described in sections 4 and 5, the reader is referred 4
to section 6, Discussion of Results. i

I .
-
e e ey st e A BTN

2 ). B. Stek, JEFF(A) Scale Model Test Programs Lift Fan Performamce Evalua-
i ticn *Aerojet Liquid Rocket Company Report No. ALRC 9737-0621, April 1977).
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. TABLE 21, FAN SPEED 2500 RPM, CONFIGURATION 5*

3 CENTRIFUGAL FAN TEST DATA REDUCTION FROGRAN
v BAERRRBIDERBIXERTARERRRTERENREIRRNRLERNRN£Y

,_“,“,’_,‘1. e T ?‘*l P e

é (AMCA STANDARD 210-67+ FIGURE 4.3)

VOLUTE TYFE - MERA-R
U/nleel » 6,75
VOLUTE EXIT AREA = 114,10 SQ.

IMFELLER OUTSIDE DIAMETER (INCHES) 12.000
IMFELLER WIDTH FACTOR (SINGLE WIDTH FAN) 0.217
g IMFELLER INSIDE DIAMETER (INCHES) 7.982
" IMFELLER EXIT BRLADRE ANGLE (DEGREES) 41.500
% NDZZLE DIAMETER (INCHES) 4.9%4
X INCLINATION OF MANOMETER BANKS (DEGREES) 11.533
> INCLINATION OF DIFF. MAN. (DEGREES) 11,533
. TORQUE ARM LENGTH (INCHES) 10.000
a~ DUCT AREA TO CHAMKER (SQFT) 0,782
N UCT AREA UPSTREAM OF NOZZLE (SGFT) 15.500
]
? BAROMETER NEIGHT (INCHES OF MERCURY) 29.620
v AMEIENT AIR TEMFERATURE (DEGREES F) 44,500
3 WET RULB TEMFERATURE (DEGREES F) 56.500
NATER DENSITY (LRS/CUFY) 2.340
AMRIENT AIR DENSITY (LRS/CUFT) 0.07456

FAN SPEED = Q500 RFHM
BB BRBERIIRIBNERANE

TP R T B

PHI FNI FSl FS1 ETA ETA FLOW FRESS  PRESS FOWER AF
TOTAL STATIC TOTAL STATIC TOTAL STATIC
CFn IN NG IN UG WP

0.0 0.0 0.4381 0.438: 0.0 0.0 0.0 J.34% 3,34 Q.24 o028
0.0813 0.0707 0.4422 0.4598 0.4161 0.413° 436.2 3.533 3.518% ¢.982 0000
0.1268 Q,1129 0.4458 0.4374 0.5231 0.5158 694.5 J.408 3.3 0.714 ¢
0.1683 0.1444 0.4274 0.4171 0.5801 0.345¢ ?03.2 J.24% 3J.18F 0.801 0.124
€.2083 0.1812 0.43193 0,4033 0.6157 0.5¢28 11172,9  3.20% J.0683 0.f16 ¢.142

SIS 0.2081 0.3951 0.3740 0.8255 0.5 1283.&4 3.021 2.B5¢ 0.F7e (NI ]
0,207 0.2345 0.3748 0.349% 0.8341 0.5907 1444.46 2.881 2.875 1.0 0.3
0,294 0,2580 0.3524 0.3204 0.8276 0©.3703 1578.% 2.604¢ Q2.44° 1.08° S Y-
0. 3134 0.2727  0.3301 0.2937 0.4242 0.5 3482, 2.523 2,243 1.086™  Q.18T
¢.3321 0.,2809 0.2979 0.2571 0.3815 0.5018 1782.0 2.278 1.%65 1.p0e%¢ [\ D\
0.3921 0.3411 0,1761 0.1190 0.4073 0.275) 104,31 1.34¢ 0.710 1.095  0.170

*See figure 103.
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FAN SFEED = 3000 RFM
RERIBBIBRERER OB LR KR RN
FHI FHI FS1
TOTAL
0.0 ¢.0 0.43462
0.080% 0.0704 0.4422
0.13§4 0.1143 0.4432
0.31482 0.1444 00,4302
0.2074 0.1804 0.4211
0.,237¢ 0.2089 0.3952
0.2730 0.237% 0.3744
0.294% 0.2546% 0.352¢
C.3147 «2735 0.3244
C.13314 0.2B83 0.2923
0.3726 0.3413% 0.17253

TABLE

(AMCA STANDARD 210-467»

Bell Aerospace L2411

Division of Teatron i,

22. FAN SPEFD 3000 RPM, CONFIGURATION S*

VOLUTE TYPE - HERA-B
U/EIne] = 4,75
VDLUTE EXIT AREA = 114.10 SQ. IN.

IMFELLER OUYSIDE DIAMETER (INCHES)
IMFELLER WIDTH FACTOR (SINGLE WIDTH FAN)
IMFELLER INSIDE DIAMETER (INCHES)
IMEELLER EXIT RLADE ANGLE (DEGREES)
NCIZLE DIAMETER (INCHES)
INCLINATION OF MANOMETER KANKS (DEGREES)
INCLINATION OF DIFF,
TORQUE ARM LENGTH (INCKES)

DUCY AREA TO CHAMERER (SGFT)

MAN.,

(UEGREES)

DUCT AREA UFSTREAM OF NOZZILE (SGFT)

RARDOMETER HEIGHKT (INCHES DF MERCURY)
AMNBIENT AIR VTEMFERATURE (DEGREES F)
WET RULE TEMFERATURE (DEGREES F)

WATER DENSITY (LRS/CUFT)
AMEIENT AIR DENSITY (LRS/CUFT)

*“See figure 104.

FSI
STATIC

0.4362
0.45¢%8
0.438¢9
0.4198
0.4053
0.3744
0.3471
0.3208
0.289¢9
0.2517
0.1161

ETA

0.63486
0.4289
0.4235
0.4069
0.5703
0.3971

ETA
STATIC

0.0

0.4250
0.5361
0.57446
0.40948
0.6030
0.3827
0.5448
0.5390
0.4911
0.2874

146

FIGURE 4.3)

FLOW
CFM

0.0
S520.8
B44.1

1083.4
1335.3
1531.8
12538.0
189¢.0
2024,2
2134.4

2528.2

12.000
0.217
7.982

61.500
6.9%4

11,533

11,333

10.000
0.7¢2

15.500

28.420
65.000
S6.000
62,337
0.07451

FRESS
TOTAL
IN WG

4.798
5.08%
4.0898
4.733
4.4633
4,348
4.121
3.882
3.5¢0
J.216
1.928

FRESS
STATIC
IN NG

4.798
5.058
4.828
4,418
4.438
4.11¢
J.B819
3,.52¢
J.18¢
2.74%
1.300

FOWER
HF

0.314
C.774
1.200
1.371
1.537
1.447
1.814
1.841
1.88%
1.8%4
1.933

NF

0.028
o.087
0.108
0.123
¢.128
00 1‘8
o' !é!
0.147
0.16¢
0.170
0.122
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TABLE 23, FAN SPEED 3500 RPM, CONFIGURATION 5*

TEST DA REIWCTION FROGRANM
RREEREX 13 )

U
1232232232222 2828 ]

(AMCA STANDARD 210-67» FIGURE 4.3)

VOLUTE TYPE - HERA-K
UZEINND = 6.7%

VOLUTE EXIT AREA = 114,10 SQ. IN,

IMPELLER DUTSIDC DIAMETER (INCHES) 12.000
IMFELLER WIDTH FACTOR (SINGLE WIDTH FAN) 0.217
IMFELLER INSIDE DIAMETER (INCHES) 7.982
IMFELLER EXIT ELADE ANGLE (DEGREES) 61.500
NOZZLE DTAMEYER (INCHES) 6,994
INCLINATION OF MANOMETER ERANKS (DIEGREES) 11,533
INCLINATION OF DIFF, MAN. (DEGREES) 11.533
TORRUE ARM LENGTH (INCHES) 10.000
DUCY AREA TO CHAMBER (SQFT) 0.792
DUCT AREA UPSTREAM OF NOZZLE (SQFT) 15,500
RAROMETER HEIGHT (INCHES OF MERCURY) 29.620
AMEIENT AIR TEMFERATURE (DEGREES F) 65.000
"WET RULR TEMFMERATURE (DIEGREES F) 56.000
WATER DENSITY (LERS/CUFT) 2,317
AMKIENT AIR DENSITY (LES/CUFT) 0.074%4

FaN SFEED = 3500 RPM
RERXFRRRBARRRRRAERRREKR

FRI FHI FSI FEI ETA ETA FLOW FRESS FRESS FOWER NE
TOTAL STATIC TOTAL STATIC TOTAL STATIC
CFN IN WG IN WG HF

0.0 0.0 0.,4372 00,4373 0.0 0.0 0.0 &6.548  4.548 0.478  0.036

0.,0801 0.,0697 0.4403 0.4580 0.4241 0.4240  402,0 4.893 4.8%8 1,533  0.08

C.1210 0.1140 0.4467 0,4403 0.5395 0.5318 984.5 6.688 6.594 1.901  0.108

. 0.1634 0.1445 0.4303 0.4199 0.5881 0.5738  1265.2 6.444 6.288 2,1B2 0,102

i 0.2075 0.1805 0.4211 0.4052 0.4381 0.4122  1559.0 6.305 6.068 2,432 0,13

< ,2392 0,2081 0.3929 0,3715 0.4364 0,402 1797.4 5.884 5.568 2.416  0.14F

3 0.2726 0.2372 0.3739 0.3465 0.4374 0.5904 204B.3 5.598 S.188 2.832  0.1ed

-3 L2942 0.2560 0.3524 0.3204 0.4273 0.5705  2210.4 5.276  4.798  2.927  C.ieh

- 0.3117 0.2711 0.,3283 0,2924 0.4087 0.5422  2341.6 4.F18 4,378  2.977  0.36F
3 0.3307 0.2877 0.2941 0,2537 0.5745 0.4955 2464.9 4,404 3,299 2.95¢  0.1¢% }

0,38B2 0.3378 0.1728 0.8163 0.3904 0.2637 2914.9 2.567 1.749 3.043 0.i72

*See figure 10S. 4
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Dot o Tont iy

TARLY 24,  FaAN SFEFEDR 4000 RPM, CONFIGURATION S*

CENTRIFUGAL FAN TEST DATA Rt-|:7:cn FROGRAM
P90 SUIBSRINIUTTISSVIIRUURNEEDEUUEINPERIBRLID
(AMCA STANDARD 210-67s FIGURD 4.2
VOLUTE TYFF - MERA-F
U Fles] » 4, ™"
VOLUTE ENIT AREA = 114.10 SQ. IN.

IMFELLER QUTISIDE DIAMEYER C(INCMLS) 12.00¢
IMFELLER WIDTK FACTOR (SINGLE WIDTK FAN) 17
IMFELLER INSIDE DIAMETER (INCMES!? ?.802
IMTCLLER ENIY KLADE ANGLE (DEGREESY &1.5¢0
NOZILE DIAMETER CINCHES) &.S%4
INCLINATION OF MANOHETER HKANKS (DEGREESY 11.5223
INCUINATION OF DIFF. MAN. (LEGREESY 11.522
TORQUD ARM LENGTN (INCHES) 10.00¢
HUCT AKREA 10 CRANEER (SGFT} N Jad e
PUCT ARCA UFSTRIAM DOF NOZZILE <(SQFT) T.500
EAROMETER MEIGHT (INCHES OF MERCURY) 2§.420
AMEIENT AIR TEMFERATURE (DEGREES F) 45.%00
WEY KULE TEMFERATURE (DEGREES F) $6.000
WATER DENSITY (LES/CUFT) &2.312
AMEIENT AIR DENSITY (LEKS/CUFT) 0.07444

FAN SFEED = 4AQ0QC RFM
I RRARARRASEASASESRR YY)

FHI FHI LD FSI ETA ETA FLOW FRLSS FRLSS FOWER N?

TOTAL STATIC TOTAL STATIC TOTAL STATIC
CFM IN WG IN WG HF

0.0 0.0 0.4374 0.4374 0.0 0.0 0.0 B8.%47 6.547 1,041 0.0
0.0816 0.0740 0.4418 00,4594 0.4242 0.4240 700.8 ¢.024 8.%77 <33 0.06E
013286 0.3154 0.4454 0.4389 0.,5308 0.5231 1138.6 8.703 8.3577 2.938 C.111
0.1714 0.14¢2 00,4313 0.,4205 0.5863 0.5736 1472.1 B8.4006 8.217 J. 319 0.12¢8

2001 0.1819 0.4197 0.40346 0.422 0.5%82 1795.1 8,201 7.807 3,720 0.14)

« 2412 0.200¢  0.3907 0.J4%3 0.4307 0.5948 2071.4  7.43% 217 J.c4ap C.14¢
0.,2728 0.2375 0.3742 0.3448 0.6306 0.5643 234346 7.313 6.778 4,278 Calel
0..0744 0.2056) 00,3511 0.3192 0.6154 0.5395 2527.7 6.8a1 6.238 4,438 O.leob
O, 9123 0,2717 0.3234 0.2875 0.5982 0,5300 2681.4 8.320 5.418 4.474 0.1e%
0.3308 0.,2B76 0.,2925L 0.2522 0.5634 0.485¢ QWIE.G 5.716 4.928 4,532 (A Sabyy

*See figure 100,

Best Availabla Copy
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158




Bell Aerospace [I3L00]

Dwision of Textron Inc

ettt 10 INCHES X
¢
1 2 3 4 5 6 7
TYPICAL — Pt ——— Pt : ﬁd .
1.5 1.5 1.5 1.5 1.5 1.5

_’r
z
.
-

[o,]
r gl
—&-

o
) :
|
11.75
4—-* - IN.
2
3
: :
2%
1.8
1 * '

172 SCALE

Figure 114 DIFFUSER EXIT PLANE PRESSURE MEASUREMENT
LOCATIONS, CONFIGURATION S

159




o ngH

R 2

9

s

7. RO TN Sy A 1Y A b g P L

B I
RIS e

VERTICAL DISTANCE FROM TOP (IN.)

&2

12

Bell Aerospace LIZALCL)

Dwision of Textron ing

FAN RPM: 3000

VIEW LOOKING INTO DIFFUSER FROM EXIT

o e é (A 8 w”

HORIZONTAL OISTANCE FROM BACKWALL (IN.)

Figure 115 DIFFUSER EXIT FLANE SURVEY,
OPERATING POINT B, COXFIGURATION &

160

e

Fao o el g

R A AR S EA R TST  memphrE

SIS AN,




Bell Aerospace

VIEW LOOKING INTO DIFFUSER FROM EXIT

Dwision ot Textron inc

VERTICAL DISTANCE FROM TOP (IN.)

A —— g A i e

(%3
L3N

RORIZONTAL DISTARCE FROW BACKWALL {IN.)

Figuve 11¢ DIFFUSER EXIT PLANE SURVEY,
OPERATING POINT &, CONFIGURATION §




Bell Aerospace LIZ4110]

-

&

VERTICAL DISTANCE FROM TCP (IN.)

™)

/0

z

Dwvision of Textron Inc

FAN RPM: 3000

VIEN LO KING INTO DIFFUSER FROM EXIT

Vi \

HORIZONTAL DISTANCE FROM BACKWALL (IN.)

Figure 117 OTHER DIFFUSER EXIT PLANE SURVEY,

OPERATING POINT C, CONFIGURATION §

162




3 Bell Aerospace LITA L

L Division of Tentron Inc

) FAN RPM: 2500

VIEW LOOKING INTO DIFFUSER FROM EXIT

N ”

—
s

e

i3
L)

UYLty

) s o Rty i Do
b L P S B T R ey

1

PRGSO RS VBT TR )
& £

”J
R

VERTICAL DISTANCE FROM TOP (IN.)

/10 1

o 2 ¢ A 8 0
HORIZONTAL DISTANCE FROM BACKWALL {IN.)

Figure 118 DIFFUSER EXIT PLANE SURVEY,
OFERATING POIAT O, CONFIGURATION §

163




E 3 Bell Aerospace LIT41 1]

3 £ Dvision of Textron Ing.

FRUC Nt -
-

10 -

;i A AT
PR Rk A

B> S, AP NI AR e

it Wﬂg;‘-_,
- o
"

g ,n
FLOW ANGLE (a DEGREES)

~10

A 1 1 ]
0 1.0 2.0 3.0 4,0
DISTANCE FROM FRONT OF SHROUD (IN)

l Figure 119 IMPELLER BLADE INLET FLOW ANGLE SURVEY,
' OFERATING POINT B, CONFIGURATION S

164




Bell Aerospace 230

Division ol Textron Inc.

FAN RPM: 3000

HOLES: 39
120 BACKPLATE LOCATION
l// (2.61 IN)
- | OUTSIDE
v
i
;-
i — 0]
% @
: £ o
2 N
- -
o
o
o INSIDE
=
40
20 -

0 ) i 1 1
0 1 2 3 4

DISTANCE FROM FRONT OF SHROUD (IN)

LY b

Figure 120 IMPELLER BLADY VELOCITY SURVEY,
OPERATING POINT B, CONFIGURATION §

165




0'v

S NOILVANOIAN0D ‘d IN10J U 1Lveddo
‘AAAYNS GYNSSTYd LAINT 4AVid dd711ddil 121 24nd1y

(NI) x ¢ 31y1dXIv8 W34 3INv.S1a
0°€ e o1 0

J4NSS3dd JIILVLS

Bell Aerospace LI
Division of Teatron inc

3dNSSAYd WI0L Q@

-

! )

(5~ 0°H *NI) 3NSSINJ

166

L _— . . N o g, O 3 L i
R e g O T




S NOILVUNOIANOD ‘4 INIOd ONILVUId4O
‘dIONV MO'Td L1X3 davig d971144K] 2ol @andiy

(°NI) GNOYHS 40 LINOY4 WOY3 3INVLSIO
2°¢ 8°2 2 0°2 9°1 2°'1 80 v°0 0
| I B | I I I T 0

Bell Aerospace LIZITN]
Division of Textron inc

167

($33¥930 v) 30NV N0V
W

(NI 19°2)
NOI1VI07
31V1d NIve

6 -S3WH
000€  ‘Wdu HVd |

.
. e %0 "
. .. . : P , Jor g st " i
R S 2 - o D R
s 4
4
o it et PR Gk b o 4 5 T g i Dk el s Sl IR 715 o . ot & % kil e cim o 43 i s I g L ] (0B, .




S NOILVYIOLANOD ‘94 1MI1O0d SniLlvVdaiddo
CAHAYNS FdNSSHYd LIXA d0vid dia1dddiidl §21 vandey

Division ot Textron Inc

(*NI) GNO¥HS 40 LNOY4 WOY4 33MVLSIO

Bell Aerospace L13.4151%/,)

8°¢ v 0°¢ 9°1 2’1 3°0 0 0 o
I | ! t T ¥ 1 0 i
g
-
3NSSIUd IILVLS o | 4
el "l
N m m
3NSSIUd 101 5~ = 3
o =4 .
o (5] .
3 ° ¥
> — ] B
= e "
> =
= ]
m
[ B
2 - 0p _
= ,
=
=
2
=
~ &€ *S3704
000€ “Wdd Hvd




L v ey

PR

. -

e g -

Pro gp opR v ¥

Sy

aarooe RIS s

o S i g et 4 R i

Bell Aerospace L] 3,415(¢/, ]

Division of Teatroning

6. DISCUSSION OF RESULTS

This program led to the accumulation of a very large amount of data, and time
forbids detailed discussion of all of the information obtained. Accordingly,
only the main features and items of special interest will be included in this
section.

Sections 4 and S contain the detailed definition of the tfive configurations
tested with the 1l-inch-diameter JEFF(B) single-width model impeller, and tabu-
lations and plots of the results.

PERFORMANCE AND EFFICIENCY

The performance plots are presented both as composites of all the fan speeds
tested for each configuration, and as individual plots for each tan speed.
The actual test points are clearly shown so that the detailed features of the
nondimensional characteristics are brought out. Figures 124 through 126 show
comparisons of performance for the different configurations. Figure 117 is

a comparison of blade exit velocities. It will be noted that for Configura-
tions 3, 4, and §, which were radically different in volute shape, the
nondimensional pressure flow curves exhibit a depression or Jdip at a flow
coefficient of 0.15 to €0.175. This feature appears to be absent from Config-
urations 1 and 2, although Configurations 2 and 3 are far more similar than
Configurations 3, 4, and 5. Such a dip in the pressure flow curve is usually
attributed to blade stall. However, in the present application, it is of

no consequence because of its mildness, and because it occurs tar trom the
design operating point (flow coefficient approximately 0.3).

To facilitate comparison of the various characteristics, and to enable machine
plots to be rapidly executed, the pressure tlow curves in the region of low
flow (flow coefficients less than (. 2) have been faired. This action greatly
reduced the amount of labor required to prepare the plots in this section

and in the following section, which deals with tull-scale pertormance
predictions tor possible AALU use.

Figure 124 shows a comparison of the characteristics, based on composite

curves for all fan speeds for Configurations 1, 2, and 3. 1t will be noted
that successive modifications to the madel test rig volute, originally designed
tor & Jdifferent type of impeller, brought the pressure tlow charvacteristics
close to the tull-scale design goal (flow coefticient 0.3, pressuve coetti-
cient 0.35). At the same time, the efticiency increased trom approximately

60 to 60 percent. It shouid alse be noted that the flow coeftficient at which
the maximum efticiency occurs increased from approximately 0,235 to 0, o5,
Figure 128, which shows the effect of Revnolds number on fan efficiency, is
discussed in section 7 and appears on page 182. Figures 129 through 134 are
taken fwam the proposz!? for this study, and are included in section 7,

od

o -~ .o . ORI * . » » 6 % paamamm ~ . . o . N
Flam Jor Alternate 2970 Fan Depellers Oy the Al SEFFLLY (Bell New Orleans

Proposal, October 13, 1977),
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pages 185 through 190, for comparison of the performance based on test results
with the analytical predictions made for the proposal.

Configuration 3 was regarded as satisfactory since the full-scale goal was
very closely approached at model scale, particularly at the higher fan speeds,
and application of corrections to full-scale conditions enabled the full-
scale goal to be met, as shown in section 7 and illustrated by figures 135

through 140 on pages 191 through 196.

Configuration 4 was disappointing, since the efficiency was unexpectedly low,
although the design goal for pressure and flow was quite closely approached.
A comparison of Configurations 3 and 4 is shown in figure 125. Configuration
4 is slightly superior at very high flow coefficients, both in flow and
efficiency; however, this is not in a region of normal operation. It was
felt that considerable improvements could have been made to the characteris-
tics of Configuration 4 if time had permitted. For instance, a narrower
volute would almost certainly have been better, since the volume volute
ratio, U/bd?, was very high (19.25). The volute width used was 9 inches,

the same as for Configuration 3. This width was retained as a matter of
economy of time and money. In any case, the performance of the log spiral
volute was mainly of academic interest, since the height of the exit section
precludes its use in a conventional air cushion vehicle (ACV) installation.

The impeller performed much better than expected on Configuration 5, the
JEFF(A) volute. The pressure flow characteristic was slightly superior to
that for Configuration 3; however, the efficiency was slightly lower. A
comparison based on the composite curves for all speeds is shown in figure
127. It will be seen that the pressure flow characteristic passes through

the full-scale design goal.

The reason for surprise was that the JEFF(A) volute has a diffuser which is
not of optimum design. It is not attached so that it is tangential to the
volute spiral at the volute exit section and has an asymmetrical configura-
tion, or offset. Although the velocity surveys confirmed the expectation
that there would be a region of flow separation in the diffuser, apparently
the flow reattaches, and the unusual diffuser geometry does not have a
particularly bad effect on the fan performance.

Before leaving the subject of fan performance, a few words are in order
concerning the model fan efficiency.

The peak efficiency of this model (about 67 percent) is unusually low for
centrifugal fans. Indeed, a study of the blade inlet velocity triangles

for a range of flow coefficients reveals that the blades are experiencing

an adverse negative angle of attack. This condition, which is not conducive

to high efficiency, arises from the fact that the fan blade angle was increasel
from 50 to 61.5 degrees during the development of the unique JEFF(R)
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Siamese-twin double-discharge 1ift and propulsion fans. Peak efficiency was
consciously sacrificed to obtain:

o Increased capacity (a higher design point flow coefficient)

o Increased efficiency at the operating point -

o Increased structural properties due to a relatively narrower blade
width, and increased beiiding stiffness,

Although the original JEFF(A) fan, based on the Airscrew Weyrock Heba B geometry
(50-degree blade angle) had a peak efficiency of 80 percent at model scale

and a predicted full-scale peak efficiency of 84 percent, its design full-

scale predicted efficiency (flow coefficient 0.27) was only 71 percent (see
reference 2, figure 19). This is insignificantly higher than the correspond-
ing JEFF(B) impeller efficiency (at flow coefficient 0.29) of 70.5 percent
(figure 135). Furthermore, at higher flow coefficients, eg, 0.31 to 0.34, which
are perfectly acceptable operating points for the JEFF(B) impeller, the JEFF(B)
impeller efficiency in either the Bell volute or the JEFF(A) volute is far
higher than that of the JEFF(A) fan, as can be seen from a stuuy of figures

135 and 136.

When comparing efficiencies, it is important to remember that the JEFF(B)
wheel is slightly narrower than the JEFF(A) wheel. The blade width faciors
are 0.234 and 0.217S, respectively, so the reference flow coefficient of
0.27 for the JEFF(A) fan corresponds to a flow coeff1c1ent of 0.29 for the

JEFF(B) impeller.

PRESSURE AND VELOCITY SURVEYS

Inlet Bellmouth Surveys

Inlet surveys were made for Configurations 3 and 5. The plots are to be found
in the appropriate sections for these configurations. Figures 53, 54, and S5
show the results of inlet bellmouth throat surveys on vertical and hori:zontal
axes for Configuration 3, while figures 107, 108, and 109 show similar results
for Configuration 5. The three operating points selected for making surveys,
A, B, and C, are identified in figure 51 for Configuration 3. Corresponding
points were used for Configuration 5.

All the inlet bellmouth throat velocity survey plots are ‘generally similar.
All are slightly asymmetric, but there does not seem to be any particular
pattern to these variations. In all cases, the flow velocity is highest
near the wall, and is fairly constant near the center fairing. The velocity
increases w1th flow, as would be expected.
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Porhaps the most iwportant aspect of the inlet flow to note is that ir is
definitely not one-dimensional. Therefore, the inlet should net be regarded
as a nozzle with one-dimensional axisymmetric flow, as is assumed for the
venturimeter noz:le, for instance. It is inappropriate to call the ratio

of actual flow through the inlet to hypothetical flow (based on one-dimensional
flow theory and throat static pressure) the coefficient of discharge of the
ialet. tYuch terminology implies high total pressurc losses and/or reduction
of flow area, neither of which is true.

When it is possible to perform an actual calibration of the inlet by measurc-
ment of the discharge from the fan, the value of static wall pressure at the
inlet throat may be a useful indication of flow. However, it must be remembere:d
that it is very dangerous to apply the apparent noz:le coefficient obtained

in this way to some other installation such as a full-size ACV fan system.

In addition to the inlet bellmouth throat surveys for Configuration 3 only,

a survey was made parallel to the fan impeller axis at a radius of 2.6 inches,
approximately halfway between the throat radius and the bullet radius, as
shown in figure 78. The survey commenced in front of the bellmouth entry
plane and continued to the back of the fan. As expected, the minimum static
pressure occurred at the throat. It was noted that the throat static pressure
in this preliminary survey was lower than the values found during the

detailed throat surveys. However, the plot in figure 78 is interesting,

since it shows that the static pressure commences to fall well outside the
inlet, and after reaching a minimum at the throat, rises due to diffusion
before the blade leading edge is reached, recovering 75 percent of the throat
depression. Since the velocity of the air entering the blades is bout 40 ft/s
(figure 65), the loss of total pressure w«ould appear to be only about 10
percent of the throat depression.

Blade Inlet and Exit Surveys

Pressure and velocity surveys were made for both the impeller blade leading
edge (inlet) and the trailing edge (exit) for Configurations 3, 4, and 5.
Traverses were performed for these operating points for Contiiguration 3,

and for one operating point (the maximum efficiency point) for Configurations

4 and 5.

So far as is known, this is the first data published for the blade inlet

flow conditions. WXhile it had always been suspected that there was a higher
degree of angularity to the flow than simple theory would suggest, it was
surprising to find out that the pre-swirl was negative over part of the blade
span. This is believed to be due to flow separation from the inner wall of
the blade shroud, but the phenomenon deserves more detailed investigation
than was possible in this limited program. It will be seen from figures ol,
62, and 63 for Configuration 3 that the flow angle varies across the blade
span, snd although there is undoubtedly some scatter in the data due to the
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difficulty of manipulating the probe, there seems to be a patcern to the
results showing a sharp reduction of swirl near midspan. Configuration 4
showed a considerable proportion of the span with negative swirl [ie, swirl

in the opposite direction to the impeller rotation, and essentially, zero-swirl
over the rest of the span (figure 92j]. Configuration 5 showed u similar
distribution of inlet flow angle to that of Configuration 3.

The surveys of inlet flow velocity gave consistent results and smooth curves,
particularly for Configuration 3 (figures 64, 65, and 60). It will be seen
that the velocity peaks near the midspan and increases wi'h increasing flow

as expected. The flow calculated from the blade leading edge vel.:city survey
is in reasonable agreement with the measured fan flow; however, it is generally
a little higher because of the leakage flow which is recirculated to the inlet
bellmouth through the inlet bellmouth/impeller gap.

It was noted that the blade inlet velocity plot for Configuration § (figure
120) was of distinctly different form from the corresponding plots for
Configurations 3 and 4 (figures 64, 65, 66, and 93). The values of velocity,
however, are consistent with the corresponding values for Configurations 3
and 4, and with the measured flow. No explanation can be oftered at the
present time for the Jifference in the shape of the curves, which show
velocity tending to a maximum at the back of the impeller.

The curves of inlet total and static pressure across the span ot the blades
are smooth and consistent. As would be expected, the difference between total
and static pressure increases with flow rate. Boch pressures tend to tall
towards the back of the impeller, particularly for Configuration 4 (figure o9,

The blade exit flow angle surveys produced smooth and consistent curves showing
the angle increasing toward the bach of the impeller and increasing with

flow as expected. Since the JEFF(B) impeller has a higher blade angle

{61.5 degreas) than the JEFF(A) impeller (50 degrees), the eait flow angles

tor the JEFF(B) impeiler are considerably higher than thosé for the JEHF (V)
izpeller (reference ). Also, there is a distinct difference in the shape

of the curves for the two impellers, most noticeably near the design flow
peints, as shown for example by figure "2 (Configuration 3) and tigure Jo,

reference 2.

The exit flow angles for Configuration § are quite similar to those for don-
figuration 3. However, Configuration 4 had an exit flow angle d.:tribution
quite different from any of the others (figure 95), but which scemed to
reflect the shape 5¢ the mlet flow angle distribution curve (figure 9.

The exit stazic and total pressure curves appeared to present no surprises
and were generally similar to those obtained by ALRC for the MY (A) model.
The %iade exit velocity plots shoxed that velocity tends to increase tonard
the back of the inmpeller. There was a noticeable difference 1n the shape
¢f the velocity curve for the three configurations tested. A coeparisen
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is shown in figure 127, Configuration 3, which had the highest efficiency,
has the highest average blade exit velocity. However, Configuration 4 showed
both the highest velocity (at the back) and the lowest velocity (at the front
shroud). It is not possible to present a detailed comparison of all features
of the curves in this report; however, some words of caution are in order

at this point, as follows.

If the flow leaving the impeller was uniform in the spacc between any blade
and the one following it, knowledge of the fan geometry, impeller speed, and
the measured flow would enable the blade exit velocity triangles to be
constructed for different operating points. The blade exit absolute velocity
(speed and flow angle) should be in reasonable agreement with the results

of the blade exit surveys. If the exercise is performed, it will be found
that this is not generally the case; the flow angle, in particular, appears
to be higher than that predicted by simple analysis. The reason is that

the flow leaving the blade trailing edge is highly nonuniform circumferentially
and spanwise. Any kind of probe used to survey the flow leaving the impeller
will be subjected to a pulsating pressure and velocity. The values recorded
by the instrumentation will be some kind of mean or average over the time

and space interval between blades.

It is beyvond the scope of this report to present a detailed analysis of this
phenomenon or to correlate the observed values of pressure, velocity, and
flow angle with a refined analytical prediction.

In view of the fact that experimental data now exists for three volute
configurations with the JEFF(B) impeller and one configuration with the
JEFF(A) impeller, it would seem to be a useful task for a future study or an
extension of the present study to examine all the relevant data in greater
detail and to attempt a correlation with a suitably modified mathematical

flow model for fans of this type.
VOLUTE AND DIFFUSER EXIT PLANE SURVEYS

The volute exit planes for Configurations 3, 4, and 5 were completely surveved,
and maps showing contours of equal velocity were prepared. In addition, for
Configuration 5 only, the diffuser exit plane was surveyed and mapped.

The most striking aspect of all these contour maps is their complexity,
reflecting the confused nature of the flow leaving a centrifugal fan volute.
For Configuration 3, all the maps show a region of high velocity and steep
velocity gradients in the lower left-hand corner, which is close to the
impeller discharge location. However, there are other regions at the middle
right and upper left portions of the map where the velocity is almost as

high (figures S7 through 60). Configuration 4 shows the high velocity region
near the impeller discharge location and the less pronounced region of high
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velocity at the middle right. However, at the top right, it exhibits a
distinct region of low velocity where Configuration 3 tended to have a
region of high velocity (figures 89 through 91).

Configuration 5 was the most interesting, since in addition to the regions of
high velocity in the vicinity of the wheel discharge on the left, it showed
low velocity, and reverse flow for two operating points, at the lower left
(figures 111 through 113). The region of reverse flow, due to its odd shape,
is believed to indicate separation of the flow from the diffuser wall,
However, when the diffuser exit survey maps are examined (figures 115 through
1i8), no region of very low velocity or reverse flow is evident. This
suggests that the flow reattaches before leaving the diffuser.

For all the volute and diffuser exit surveys, static pressure was recorded,
but the variation of static pressure across the sections was not large.
Accordingly, plots of static pressure were not prepared because of the
severe restriction of time available and the large number of other figures
in the report.

MISCELLANEOUS TESTS

In the course of the test program, several minor investigations of interest
were pertormed.

For Configuration 1, the axial location of the inlet bellmouth with respect
to the impeller was varied for operating points in the vicinity of the design
operating point. Figures 31, 32, and 33 show the three positions of the
bellmouth which were tested. Figure 34 shows the spread of pressure coeffi-
cient and efficiency obtained. The smallest clearance gave the best result,
and this was used for all subsequent testing.

From a previous IR&D investigation, it was known that the static pressure

in the volute near the inlet bellmouth was much lower than the static pressure
at the volute exit section. Knowledge of the pressure at the impeller/inlet
hellmcuth interfiace is necessary, together with knowledge of the bellmouth
throat wall static pressure, if it is desired to make an accurate estimate

of the tlow through the clearance gap between impeller and bellmouth, 1t is
totally incorrect to assume that the former is equal to the fan discharge
total pressure and that the latter can be calculated from one-dimensional
isentropic flow in the inlet, us was done in reference 2, appendix 4, p ol.

Figure 77 shows the results of static pressure measurements inside the volute
at the locations indicated in figure 76, It can be seen that the static
pressure at the impeller/inlet interface is only 1 inch H.0 (scale magnifi-
cation factor is §), whereas table 13 shows that the fan discharge static
pressure was greater than 4.1 inches H,0, with a total pressure of almost

4.3 inches 1,0, Figure 54 indicates an inlet throat wall velocity of about
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115 ft/s corresponding to a static pressure depression of about 3 inches H,0

below atmospheric pressure, Thus, the total static pressure difference

across the inlet clearance gap is close to 4 inches H,0. This is very much

- less than the pressure difference calculated by the method of reference 2,

S which would add the fan discharge total pressure, 4.3 inches H, O, to the one-

T dimensional throat depression, 1.9 inches H 0, to give a total of 6.2 inches
E H,0 differential pressure.

. otk i
52 SRR Ry WA ey e 1 g
pr2maae SN
A,

M

3 Assuming a mean gap of 0.02 inch and a flow coefficient of 0.70, the flow

L% 3 through the gap with the Bell-estimated pressures is given by

¥ o

- 1 = 3

1 1 Qc T dt c Cdc V./144 ft3/s

i ‘ é boo ’Zgo AP

f T v c ft/s

E’ ... P

§ g where

S "

%’ ; 8, © 32.174 (dimensionless constant, numerically equal to standard
£ gravitational acceleration)

{ %, AP = Pressure difference across gap, lbf/ftz, or inches H,0 x 5.2

o = Air density at the gap for 70°F, 0.075 1b/ft’
Flow through clearance gap, ft3/s

AT TR
o
1l

F : dz = Diameter of throat, inches
£ ;- ¢ = Clearance gap between bellmouti, and impeller, inches
2 5 CdC = Coefficient of discharge of gap

Vc = Velocity of flow through gap, ft/s.

Substituting the throat diameter d¢ = 7.25 inches (at gap) and ¢ = 0.020 inches
with Cd; = 0.7 when V. is calculated to be 135 ft/s for a pressure difference
of 4 inches H,0, gives Q¢ = 0.295 ft 3/s or 1 percent of fan flow.

& N At a local temperature of 70°F, this corresponds to a mass flow (not weight flow)
e - 3 rate of 0.0218 1b/s. Weight is a force and does not flow in the sense that a
: gas flows. Had the method of reference 2 been used, the fliw would have been
: estimated to be 0.354 ft3/s or 0.026 1b/s. Although this final difference is
T, B not great, the method used here represents much more accurately the physical
’ conditions which exist in the fan.

- % Prior to the detailed inlet throat surveys, the existence of a measurable pre-
swirl of the air entering the fan blades was demonstrated by a hand-held Pitot-
static wedge probe traverse inserted at one location only (see figure 26).
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7. FULL-SCALE PERFORMANCE PREDICTIONS

The two configurations selected for full-scale performance predictions were

the Bell Compact Volute, Configuration 3, and the JEFF(A) Volute and Diffuser,
Configuration S,

Both of these configurations led to model scale nondimensional pressure flow
characteristics which met the design point performance based on the proposal
predictions for the JEFF(B) impeller in a Bell-designed volute (figure 135). For
ease of comparison and plotting, a single design point was selected as the goal.
This point was for pressure coefficient y¢ = 0.35 and flow coefficient ¢ = 0.30,
and is shown on the various model test performance plots.

Two corrections were applied to the model data only for the purpose of making
full-scale performance predictions. A compressibility correction was applied
to the pressure and flow coefficients in general accordance with the method
shown in reference 1, but taking into account the discussion and method
presented by the author in reference 4.% It should be noted that the correc-
tion is small and if disregarded, it does not affect the validity of the
conclusion that the performance goal was met.

Additionally, a Reynolds number correction was applied to the fan efticiency
in accordance with the expression given by Pampreen in equation (1).

There are several expressions which have been proposed for calculating tull-
scale fan efficiency from model test vesults., Figure 12§, from reference 2,
shows a comparison of these methods applied to a fan whose tull-scale Reynolds
number is 2.~ ~ 107, The ordinate shows the ratio of model scale efficiency
to full-scale efficiency. It will be seen that, except for the method of
Balje, Pampreen gives the smallest difterence in model and full-scale efti-
ciency for the range of Revnolds number shown. Recause the tull-scale Reyvnolds
number used to construct the diagram is so high, figure 128 cannot be used
directly to compute full-scale efficiencies for the AALC fans, but it serves

a very useful purpose in illustrating the relative magnitudes and ranges of
applicability of the various Reynolds number correction methods:

. . 0,116
1 Mgy Svop (Pampreen) )

o Tyon Reps |

R

where ROFS shall not exceed 4 x 10%,

Y Technical Note, Fan Fffiodency Definition for the SASES Progra (Bell New
Orleans Report No. TN/2KSFS/119, April 8, 1875).
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T2 = 0.5+ 0.5 | g . (Ackeret) (2)
"k MOD

3 Equation (1) is the expression that ALRC used in reference 2. It is more

- conservative than the expression due to Ackeret, equation (2), which is given
g in reference 1. For comparison, the full-scale efficiency computed by the

2 Ackeret method is also shown for part of the e{ficiency curve near the design
point in figures 135 and 136. If the larger correction were applied, the

Qg predicted full-scale horsepower would be reduced accordingly. It is not

k) recommended that this reduction be taken into account in evaluating the power
required for the full-scale craft.

- w;-

When the efficiency of a full-scale fan is found to be higher than that of
the model due to Reymolds number (viscosity) effects, it will generally be
found that the power coefticient is reduced apart from zny observed increase
in the pressure coefficient. Accordingly, it is not permissible to use the
predicted increase in efficiency due te Reynolds nurber effects when scaling
up model data to give a proportionate increase in pressure coefficient, as
‘as Jdone by ALRC in reference 2, p 24, since this implies no change of power
coefficient, K,. Accordingly, the tan would absorb the same power as if
simple scaling applied, ie,

WA SIS S
HF.. = HP —}-\— X __'_k.'_\ .

b N
k) ) 5
Fs MOD A Dyian “mon /

J

o R =g

§
13
H
13

A ) 3 In fact, there is no easy way to Jdetermine to what extent an increase in

& 3 efficiency is reflected by a veduction of power required or by an increase
g 3 in pressure. In anv actual case, the situation is obscured by minor difter-
I ences which inevitably are present between the geometry of the full-scale
fan and the model by which it is vepresented.

AT

- : Figure 135 shows the model and full-scale pondimensional characteristics

; for the JEFF{R) impeller in the Bell-designed compact volute (Configuration 3V,
¥ 3 and figure 136 shows the model and full-sczle nondimensional characteristics

- : for the JEFF(R) impeller in the JEFF(A) volute (Configuration 5).

g ﬁ Figures 137 and 138 show dimensional performance characteristics for the
E ; 48-inch-diameter JFFF(R) impeller in the Bell-designed compact volute.
R H Figures 139 and 140 show the performance for the same impeller in the JIFE(A)
k’ i volute. On figures 137 through 140, the shaded box represents the range of
' ! pressure and flow in which it is desivable to operate the JEFF(A) craft at
! its design condition.

e
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It will be seen that for both the Bell-designed volute and the JEFF(A) volute,
the desired pressure and flow can be obtained with fan speeds well below
the value of about 2450 rpm required for the original JEFF(A) fans.

Although the full-scale performance predictions are shown for 4-foot-diameter
impellers, the existing JEFF(A) volutes are capable of accepting wheels up to
S0 inches in diameter. Figures 141 and 142 show dimensional performance of

the impeller with a 49.5-inch-diameter in the Bell-designed volute and the
JEFF(A) volute, respectively.

If a wheel larger than 48 inches in diamet.r, but less than 50 inches in
diameter was used, there would be a very slight reduction in nondimensional
performance due to the reduced volute volume ratio. Figure 143 shows the
predicted relationship between fan speed required to produce the desired

performance and impeller diameter. Curves are shown for 59°F and 100°F
ambient temperature.
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Figure 133 FULL-SCALE PERFORMANCE OF JEFF{R) IMPELLER IN

L
TELAY VOLUTE, FROPOSAL PREDICTIORS {587F)
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Figure 134 FULL-SCALE PERFORMANCE OF JEFF(B) IMPELLEB IN
JEFF(A) VOLUTE, PROPOSAL PREDICTIONS (100 F)
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- 8. CONCLUSIONS

1. The performance of the 12-inch-diameter JEFF(B) model fan impeller
met the performance goal based on the proposal predictions in the Bell-designed
volute, Conriguration 3, for both pressure/flow and efficiency (see figures
129 and 135).

However, the shapes of the pressure/flow and efficiency curves were
a little different from the proposal predictions.

2. The performance goal for the Bell-designed volute was also clusely
matched when the impeller operated in the model JEFF(A) volute, Configuration 5.
The pressure/flow goal was clightly exceeded and the efficiency was slightly
lower than in the Bell-designed volute.

Accordingly, the performance in the JEFF(A) volute was better than
expected (see figures 129 and 1306).

3. The efficiency in the log spiral volute was disappointing, although the
pressure/flow goal was closely approached. However, time prevented optimisation
of this configuration.

The log spiral velute configuration was judged impractical for AALC
use due to its height.

]
[
t‘ .
“
§
I8
¢

Q.5
sure/
E.‘

4. The JEFF(B) impeller, when scaled to a diameter between 3§ and 4
inches, is a suitable replacement for the original JEFF(A) fans. The pre
Q

~a

flow requirements can be met at a lower fan speed (2100 to 2200 rpm at SO°F,
depending on diameter, see figure 143) in comparison with the original JEFF(A)

fan speed of 2410 to 2453 rpm. If the existing JEFF(A) volutes are used, the
horsepower will be a little higher, due to the slightly lower efficiency. If the
Bell-designed velutes are used, the fan speeds will be a little difterent fron the
figures given abeve, ie, 2170 to 2250 rp=, depending on diameter, but the horse-
power will be insignificantly different from that which was quoted by ALRC for

the original JEFF(A) fans.

(17

The full-scale performance predsctions will be found in dimensional
fora in fagures 137 through 140,

S. Extensive pressure and velocity surveys have been carried out for
three volute configurations, including soze for which no previous results are
known.

The nature of the flow in a centrifugal fan volute and diffuser has
been shown te be highly complex and =orve variable with fan opevating peint than
was thought previously.
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6. The results confirmed the characterization of the JEFF(B} ‘.. as a
high capacity machine having a high operating point efficiency equual to that
of fans with much higher peak efficiency when operating at an equivalent flow
coefficient.

7. The fan exhibited two mild stall points,; one at a flow coefficient of
0.715 to 0.20, which caused a slight depression in the pressure flow character-
istic, and the other at a flow coefficient of about 0.075. Based on many vears
experience, both at full scale and model scale, with numerous fan character-
istics, it was concluded that these stall points were of no operational

significance. :
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9. RECOMMENDATIONS,

1. It is rcecommended that scaled JEFF{B) fan impellers be considered as
direct replacements for the existing JEFF(A) fan impeliers. The grounds for
this vrecommendation are:

(a) The desired performance can be obtained at a lower fan speed
and, therefore, lower stress.

(b) There is a range of fan speed and diameter which will satisfy
the requirements, enabling the best match with the engine
characteristics to be obtained,

(¢) The existing volutes on the JEFF(A) can be used with only a
small power penalty.

(d) The JEFF(B) impeller is inherently stronger than the original
JEFF(A) impeller, and has been demonstrated to be structurally
adequate at comparable speeds by hundreds of hours of full-scale
operation.

2. Additional programs of this type should be funded by the Navy in view
of the large amount of information which can be generated for relatively small
cost. However, the amount of work attempted under the present contract was
probably too ambitious for the level of funding available.
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L'COOX
L.0002
L0003
L.0004
L.000S
L0004
L.000?
L.OOOS
L.00QY
i.02190
L.0081
L.oct2
L.0013
L0014
L.008S
L0014
L.0017
L.ont8
L0019
L.0020
L0021
L.ON22
L ooo23
Le00ld
L0025
L.O02s
L.0027
Lev02B
L.0ule

=7

AN R
L.003s
L0037
L.0038
L.003XS
L.0040
L .04
L.0042
L.0043
Lo vedd
L.d0as%
L.o0Nas
L0047
L0043
Lo Qd®
L.00%0
L.005)Y
L0002
L. 0003
LiC0Te
LO05S
L0056
L0037
L.00%8
L.00%¢
L-0060
L.0vét
L.0082
L.0043
[T Y ]

o R ol ol o No'

c

10

11

4

KRR R TTIERST Ted

DIMENSION DATEX(2) s TOTF(S0)1STAF(A0) s CFN(A0) »BHF (60 s ME(SC) +SE 80D
1+rFHICA0) PFSIT(S0) v FEIS(60) 1FHICA0) WVELFQ(50)

2eAPHI(A0) v AFHI(A0) v APSIT(S0) 1AFEIS(60)1ANE(60) 1ASE(S0)

DIMENBION XNF(SOY»XNF2(60)

DIMENSION XABC{3I0) e YORD(30)

REAL WoME

AMCA NOIZZLE DATA REDUCTION FROGRAM

CALL RDPATF(DATEXY
WEITE(A»10)(HATEX(I) v 121, 2)
FORMAT(?X+ 'TODAYS DATE IS 9 iXelAd0/0/9/)

I=1
NINES
Ah+1

CALL IN2{S»VLUTE+URDANGLYAEVSENTRY)
CHll IN2(TSeDeWF o DONEYED2)

CALL INOAVUINRUNSDTASKETAVLEETASTARN)
CALL IN2{S»AREAL»ARE NG« TARE »DDUCT S L T)
WRITE (6,.911)

2013 FORLT(IXs /9 *IF NO FRINT IS DESIREDY ENTER O. OVRERWISE ENTIF 1

w0

@ w ~N W

XD

CALL INDI®HIERINT)

IF (IFRINT ,EQ. 0) GO YO 31342

WRITF (5000

 JREAT(IAX CENTRIFUGA FAN TEST DATA REDUCTION FROGRAM
1/73AX 2000 uN B bt R Rt PR UB AR RS R O RN
2./739X 7 CAMEA STANDART 230-47y FIGURE 4,2V’ ¢/

IFCULUTEY 142923

CONTINJE

WRITECovd) URLIAEVY

FORMATIION "VOLUTE TYFE =~ HEFA=Q‘ o /o ION'UZBRDNNY & "3 FO . 3 300
T VOLUTE EXIT ARED = "oF 240 SQ. INO' /0

GO Y0 O

CONTINUE

WNRITE(AsaY ANGL VALY

FORMAT (JOX'VOLUTE TYBE = LOG-SFIRA. /IJIX SETRAL MAGLE - sea e o7
SOREES ‘730X 'VOLUTE EXYYT AREA « "Fo, 2 50, IN, "

G0 Y0 S

CONTINUE

MEITEC(S™) NV

FORMAT(IOX'V'OLUTE TYFL = ARITH.SFIRAL /30N VOLUTE EXIT &R
d.?-‘ 50. le‘//)

CONTINUE

NRITE(6:+3) DobFoDONC o B v DIASIRETR 10 BETATARN s ARE LD 1 AREAS
FORNMAT(3OXTHFELLER OQUTSILE DIAMEYER CINCMUIY oF12.2,
ACJON THEELLER WIDTH FACTOR ¢SINGLS LIDTH FAN'»F11.2
K/DOX IMFELLER INSIDE DIAMETER (INCHES) '¢F1Q, 3,
C-30X THFELLER EXIY BLAI'E ANCLE (DEGKEESY oFla.3.
E/30N'NOJZLE DIAMETER (INCMES) F22.3
Fr30X INCLINATION OF NANDMETER BANAG (DEORLES) +F131.3.
730X INTLAINATION OF DYEF. MAN, (DEGREES)'+F16. 3
G/IOX TOROGUE ARN LENOGTH C(INCHES) " vF25. 3
H/730X fIICT AREA TO CHANRER (SOFT) "+F23. 3
J73]0DULT AREA UFSYREAM OF NOZI' K ¢HAFT)'+f1a.3)

1112 CONTINUE

12

CALL IN2(SyRFAIDRAINEA)

4t ¢ Syytek e T gone en 1Y




R R A R e R T e T O T, B T B Yy ] P R T I (NN ] R B A5 o S g T T
B S 1A AR SNR EN 2

L.0065 C DENSITIES
L.00&8 C .
L,0067 13 SUF =2, 9599E-4RWKARID,~1,S927E-20WHA+,4102
L.0048 FUP  aSUF-(EFAR(DRA-WEA)/2700,)

- L.0069 DENA =(20,738 (KFA=.378%FUF)) /(53,3058 (DKA$459.7))
L0070 [ENS =0.075
L.0071
L.0C72
L0073
L.0074 14 CALL IN2(S+RFHsWGT+SF7+SFSoFDsDE2+IRSCONTRL)
L.0075 15 SPS =SFSaSIM(FETA/57.297)

s
060

TSR A

. 1..0074 SF7 =EFP¥SIN(RETA/57.,297)
- L0077 FI «FDYSIN(DEETA/S7.287)
R L.0078 C
8- L.007% 16 DENS wDENAY ((A59,74DBA)/ (459, 74DES) ) ¥ ((RFA$(SFS/13,62) ) /KFA)
" L.0080 SF2  =GF7
e L.0081 DEND =DENA¥ ({459, 7+DIKA)/ (459, 74DR2) IR (KFAY(SE2/13.42) ) /EFA)
! L.0082 DENW=1,9515783440, 25454931 7%¢ 459, 741EA) -2, 095971 15E-04¥ (450, 24 IRA
K3 L.0083 LIER2-2, 79090501 BE-074{ 459 . 74 1HAI X343, 27766426 2E-10# (458, 74DRAI Ve
L L.0084 C
. L.00BS C
5 L.0uSs 36 CONTINUE
- L0087 IF(NNLEQ.1)G0 TO 33
5 L.0088 GO TO 32
iy L.008v9 33 CONTINUE
¥ L. 0090 IF (IFRINT (EG. O GO TO 1113
v L.00%L WhITE(or34) BFAIIEAYWEALTENW I DENA
E . 1..0092 34 FORMAT(//30X'BARUMETER HEIGNT (INCHES OF NERCURY) oF15.3y
L.00%3 L/30XAMRIENT AIR TEMFERATURE (DIGREES F)')F 16,3y
5 L.00%4 M/30X WET BULE TEMFERATURE (DEGREES F)'WoF19.3s
o L. 0095 NSIOX'WATER DENSITY (LES/CUFT)F27.3,
L. OuRs F/30X°AMRIENT AIR DENSITY (LES/CUFTY +F24.69//7)
1.0097 1113 CONTINUE
L.0098 (N
L.00%9 C
L0100 C
L.0101 35 CONTINUE
L0102 NNRENeRF M
L0103 1E CIERINY (EQ. 02 6D TO 1114
L0104 WRITE(A,30) NRKEN
L.010% 30 FORMAT(Y20s *FAN SFEED & “o15s' RPN /Z2T230210°8% )0/ 0/
L.010s AeTo e PRI o T29: 'FHI o137 ‘PRI o TASy ‘FOI o TSI "ETA e 61+ ETAC 4 TP0y
L.019? B G’ eY?6+ 'ERESS v TR, ‘FREGS s T30 'HP "o T$0Ls NF '/
L.0108 CotI6r "TOTAL ¢ TA4, *STATIC o TS *TOTAL “» V00« *STATIC o To¥ ¢ 'CFH o172,
L.0109 D YOTAL »TB4¢'STATIC' /)

L.0110 1114 CONTINUE
L0t x1 32 CONTINUE

L.on2 ¢

L0ty ¢ COEFFICIENY OF EXFANSION
L.01i4 C

L. 0113 RAYY 1.« (. 0024840 (DENS/DIENS YR
L.0118 ) ], &40

LOO“’ CDN‘ ARZIN=1.)

t.0138 CON2 =2./n

LoNe CONI ={h=1.040N

Lo ¢

L0121 1 “l 1415028

L0122 ¢

L.0123 17 AREAGFISNIASEYD. 74,2144,
L.012¢ 18 EXF) «CONISC(RATISICOND)

L0123 EXPY v1.<(RATIIPCOND)
L.0124 EXF3 ei.-R0T1
L.0127 EXFA w1 ,~(AKCASERD . /AREATRED,)
L.0128 EXFD @1 ,«{{RATISCONDIBCAREALRRD . JAREALSED . ))
L.D129 IFCFR.EQ. 0160 TO 4)
; L.0130 YCOF =SORY(EXFISEXPR/EXF IIOSARTCEXFA/ZERPS)
. L. 0t} GO0 YO .

WEEL e



L.0132 ¢ COEFFICIENT OF DISCHARGE

L0133 41 YCOF =3.0

L.0134 21 REND =(411000.8DIA4/12,8YCOF2SORT(DENSSFN/RENT))/SQRT(EXF4)
L.0135 22 IF(RENO.LT.30001.)G0 TO 25

L.0136 IF(RENO.LT.$00001,)G0 T0 24
L.0137 IF(RENO,LT.350001.)G0 T0 27
L.0138 G0 TO 28
L.0139 ¢
L.0140 25 CO06 =.B7461396+43.54579745E~-SRREND~1,30831012E-98 (RENO#S2,
L.0141 145.96184193E-340 (RENORE3, )=1,32824681E~188 (REND$34.)
L.0142 241,12888606E-238 (RENOSSS,)
L.0143 G0 1O 29
L.0144 26 C06 =.68924862242,08224442E-S0REND-6.02082031E-10% (RENORSD,)
L.0145 148,63182281E-158 {RENDS33. )~4,0APP0S0E~208 (RENDSR4.)
L.0146 241,67242754E~253(REND¥S5,)
L.0147 GO 1O 29
L.0148 27 CO0& =,9240123941,43400084E-4RRENO-1.287994635E~1 1% (RENCRSD,
L.0149 145,79837935E-1 78 (RENORE3.)-1.24629424E-220 (RENORS4 )
L.0150 D41.08633774E~259 (RENORSS.)
L.0151 GO TO 29
L,0150 28 €04 =0.994
L.015 C
L.0154 C CALCULATIONS
L.0155 C
L.0156 29 CFM5 =1094.78C048AREA&RYCOF #SQRT (FD/DENS)
L.0157 VEL2 sCFMSRDENS/AREA2/DEND
L.0158 VELF2(I)a((VEL2/1086.7)#32) 8DEND
L.015% TR2=SP2VELF2(I I8¢ 1+LLT/DDUCTR0,02)
L.0180 TOTF(1)=TF2
L.0141 STAF (1) &F2
L0182 CFM(I)=CFMSADEN2/DENA
L.0163 WGT=WGT-TARE
L.0144 BHF(1)a2 , sFIBUGTITARNRRFN/33000./12,
L.0145 ME(I)= CFM(I)60.8TOTF(1)/12 SDENU/BNF(1) /550,
L.0146 SE(I)=NECI)RSTAR (1) ZTOTF (1)
L0147 TE2X = (TF24404.8)/TF2
L.0148 TFIY = 1./TP2X + 1.
L0167 IF(FD.LE.Q.) BU TO &0
L0170 COMF = CON: & ME(I) ® TP2X 8 (TP2Y & (CON3/ME(I)) = 1.)
L0171 IF (COWP .GE. 0.990} GO TO 60
L0172 MESAVE = NE(1)
L0173 ME(I) = CONF & ME(I)
L0174 CONF « CON1 ® ME(]) & TF2X B (TFP2Y 88 (CONIZME{I)) - 1.}
L.0175 MEC(I) « CONF & NESAVE
L0178 40 CONTINUE
L0177 UTePISDsRFNZ40. /12,
L.0176 VFAN®SD. #F1B002, SUTBENTRY 7144,
L.0179 FHI(I)*CFN( D) AVFANSUF
L.0180 FSITCDITOTR(IN/CDENAZID. 17 AUTRE2SDENUZLD,
L0181 FSISCIIPSITUIIASTAF (1) ZTOTF(T}
L.0182 FHICI}<CFNITYZUFANTA,
L.0183 IF(FILLE.0.) GO TO 61
L.0164 XNP(Y) » PHICL) 8 BSITEEY 7 MECDH
L3189 XNF2CI)aFHI(T)SFSITCII/ZNE(])
L.0188 ¢
L0187 €
L.0188 60 YO &2

g L.GIE? 61 CONTINUE

* Y L.0190 XAP{I)w{SS0. ORHP (I ZLEDRENAZIDATHINRIB(IR/ZID. Isedeuf suise

;. H L.0191 XNF I oXNF (D) ZENTRY

£ 4 L.0182 KAP2C1)eXNPLIISUFSA,

5 5| L.0193  ¢&F LONTINUF

g & L.o1¥%4 ¢

; F - L.0tPS Nel
e 1 L.0194 a1t
19 f L.oae? IFCCONTRL) 31014033
3 L.0198 31 CONTIRUE
: L.0199 IF (IFRINT (ED. O) GO TO 1115
. L.0200 HRITECS+37) (FHICI VSERITIIWPSITCH oFSIS(I) oNECT) ¢ SECIIoLFNII) o
¢ 1.0201 1TOTRL) o STAP (I s BRP L) 1 XRF L)) v JR NN
S L.0202 37 FORMAT (14Xe4F0.4¢F9,1,F7,.3,3F0.3)

L.02¢3 3133 CONVINUE

& L EIY B
T R T T T Y



O T T T SR

L.0277 $05 CONTINUE

L.0278 YSCALE = 0.1
L.0279 YBEGIN = 0.0
.. L.0280 80 TO 3000

‘ L.0281 3000 CONTINUE
L.0282 CALL RAXIS(XSTART»YSTART ¢ DUM» UM/ XLMIDE 10,0 XREGIN) XSCALE)
L.0283 CALL KAX1S(XSTARTsYSTAKT +DUM» N YLTALL +90. o YEEGINS YSCALE)

. L.0204 CALL RFLOT(XSTART,YSTART,-3)
L.0283 CALL TAGGIT
L.0284 XARC(J#3) = XEBEGIN
L.0287 XAKC(J42) = XSCALE
L.0288 YORD(J+1) = YBEGIN
L.0289 YORD(J+2) = YSCALE
L.0290 CALL RLINE(XARC YORD»Jr1)
L.0291 CALL KFLOT(-XSTARTs=YSTART,~3)
L0292 CALL TAGGIT
L.0293 80 10 1000
L.0294 106 'CONTINUE
L.0295 A\t
L,0296 Ja=]
£.0297 1F (CONTRL) 12,1238
L.02¢8 38 CONTINUE
L.0299 STOF
L0300 END
L.0301 SURKOUTINE TAGGIT
L.0302 CALL BUFIMP
L.0303 WRITE (46,1000
L.0304 1000 FOKMAT(*FLTT")
L.0305 RETURN

L0306 END

A-S




e e S

L owwRe g

L I R s &

2 ¥

I e S I

atac ot

L.0204
L0205
L.0208
L.020?
L.0208
L0209
L.0210
L.0211
L.0212
L.0213
L.02t4
L.021%
L0216
LeQ21?
L.018
L.021®
L.0220
L.0221
L.0222
L0223
L.0224
L0225
L.0226
L.022?
L0228
L.022¢
L.0230
LeO232
L.02}2
L0232
L0234
L0230
L.023s
L.Q2}
L.0228
L.Q23%
L. 0240
L.0l4)
L0242
L0243
L.QQes
L.Q243
L0248
L0247
L0248
LoQ24V
L0280
L.Q2%)
L.Q23%2
L0
L.Q2%4
L2030
L.Q02%s
L.Q2%?
L.O2%8
LoQ2%%
L.0280
L.OJé)
L0282
L0242
L0224
L.0249
L.0J42
L.0Je?7
L.0J¢8
L.0249
L.02%0
L.O02MNM
L.02?2
L.O273
L.0274
L0278
L.02%

NRITE (44+2020)
2020 FORNAT(/y'TO GAIF ALL PLOTTING, ENTER 1 ’'/°TO PLOY FMI VS, ANY VAR
SIARLEs ENTER 2 */’'TO FLOT FNI VS, ANY VARIABLEr» ENTER 3'///)
CALL IN2(9/NARCSA)
GO TO (1046+1116+1117)¢ NARCSA
1118 DD 444 J=3sN
XARC(J) » PNICDH
444 CONTINUE
GO To 3555
1137 DO SSS JageN
XARC(J) = FNI(D)
355 CONTINUE

XSTART » 1,0
XBEGIN = 0.0
XSCALE = 0.2
XLWIDE = §,0
YSTART = 1,0
YEEGIN = 0,0
YSCALE = 0.1
YLTALL = 8,0

ASSIGN 101 TO NUMEER
1000 GO TO NUMEER (103+102+1103¢1C4+3105+106)
101 WRITE (6,2001)
ASSIGN 102 TO NUMBER
2001 FORMAT(/+°Y0 FLOT ORDINATE FS] TOTALs ENTER 14 OTHERWISE ENTER O
02
CALL IN2(9sIGRAFN)
IF (IGRAFN .EQ. 0) GO TO 1090
1001 DO SO01 J = {.N
YORD(JY = FSIT(J)
501 CONTINUE
GO 10 3o0e
102 NRITE (4,200
ASSIGN 103 TO NUMRER
2002 FORMAT(/¢'TO FLOT ORDINATE PS] STATICe ENTER 314 QTHERWISE ENTER O
810
CALL IN2(®+IGRAFN)
IF (I1GRAFN .EQ. O) GO YO 1000
1002 DO 302 J =1uN
YORD(J) » PSIS(J)
$02 CONTINUE
GO TO 3000
103 WRITE (&+2003)
ASSIGN 104 YO NUMBER
2003 FORMAT(/+'TO FLOT ORDINATE ETA TOTALs ENTER 3 OVMERWISE ENTER O
200
CALL IN2 (9, 1GRARN)
IF (1GRAPN LEQ. 0) GO YO 1000
1003 DO 503 J =1N
YORD{J) = MECJ)
303 CONTINUE
YSCALE = 0.2
YFEGIN = -0.8
G0 TO YO0
104 BRITE (8+2000)
ASSIGN 105 TO NUMBER
2008 FORMAT(/4'T0 FLOY OKDINATE ETA STATIC. ENTER 11 OTHERWISE ENTER o
017)
CALL IND (9.1BAAFN)
1F CIGRAFN .EQ. O) GO YO 1000
1004 10 S04 J w 1N
YORD(JY ¢ SECYY
504 CONTINUE
YSTALE = 0.2
YREGIN & -0.8
GO Y0 3000
105 URITE (4.2005)
ASSIGN 108 TO HUMRER
2003 FORNAY(/+ ' T0 FLOT ORDINATE XAFs ENTER 10 OTNERUISE ENTER 0°7//)
CALL IN2 (9,1GRAFN)
IF (ICRAFN .EQ. O0) GO TD 1000
1095 DD 305 J = §oN
YORD(JI) = XKP(D)




